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Executive Summary

The U.S. Environmental Protectiod Sy O Qa 09t ! Qao 0221aG20S (Sada
assist the EPfed Partnership for Clean Indoor Ait) YR Aa y2¢ LI NI 27F (K
commitment to the Global Alliance for Clean Cookstoves (the a#jdR). Goals of the testing program

are to:

y 3
S |

1. Support the development of testing protocols and standards for cookstoves through ISO
(International Organization for Standardization)C (Technical Committee) 285: Clean
Cookstove and Clean Cooking SolutidB3

2. Support the development of international Regional Testing and Knowledge Centers (many
sponsored by the Alliance) facientifically evaluating anckrtifying cookstoves to international
standads (4).

3. Provide an independent source of data to Alliance partners.

CKA& $2N)] &dzZlJ2NIa 9t! Qa YAaarazy (G2 LINRPGSOG Kdzy!
pollution, mainly from soliduel cookstoves in the developing v, is estimated to cause
approximatelyfour million premature deaths per yeda5), and emissions of black carbon and other

pollutants from cookstoves affect regional and global climé An Alliancecoordinated multi

national multidisciplinary approach, including the development of standards and testing, is designed to
improve global health and the environment through clean cooking solutions

This report povides testing results for a cookstove system consisting of the stove, coadsglsfuel,

and operating procedure A detailed description of the system is provided in the body of the report.
During testing, the stove was operated as intended by nmenufacturer. Actual performance of a
cookstove used in the field may vary if the system is different (e.g., a different fuel is used) or is not
operated as intended.

The cookstove system was tested using the Water Boiling Test (WBT) Versigg)ya@dfollowing the

ISO IWA (nternational Workshop Agreement11-2012, Guidelines for Evaluating Cookstove

Performance(9) (10), unanimously affirmed by more than 90 stakdthers at the ISO International

Workshop on Cookstoves on February2Z8 2012 in The Hague, Netherlantd/A 11:2012provides

guidelines for rating cookstoves on tiers of performance for four important indicators: [1] Efficiency/fuel

use, [2] Total Emisgig, [3] Indoor Emissions, and [4] Safedynd the gidelines are being used while

further development of testing protocols and standards is underway through 1SO Technical Committee

285(3). For measuring air pollutant emissiort 4§ KS adG2dG1Ff OF LJidzNB¢é¢ YSGK2R

method) was used, as described on Page$50f the WBT protocdB) and similar to EPA Method 5G

(11). The protocol specifies that the swhe tested at high power (coldand hotstart phasesand low

power (simmer phase). The cedthrt phase begins with the stove at ambient temperature, and the

hot-start phase begins with the stove at operating temperature. During both phases, the istove

operated at high power to heat water in theooking vessefrom ambient to boiling temperature.

During the simmer phase, the stove is operated at low power to maintain the target water temperature

at 3°C below the boiling point. Fuel burning rateseatetine the power levels. During testing, variation

in fuel burning rates between test replications is minimized. Actual performance of a cookstove used in
i



the field may vary if the stove is operated at different fuel burning rates and hence at diffposrer
levels.

Testresultssummarized on Page were obtained in accordance wilhVA 11:2012guidelines and ter
ratings range from (baseling to 4 (best). Tier Gepresents the performance of typical traditional open
three-stone fires used for cookiy and Tier 4 represents aspirational gofr solidfuel cookstoves.
Efficiency/fuel usetotal emissions, and indoor emissions are tested at haghd lowpower operating
conditions, and suitier values and ratings are reportddr the two power levels while the overall
rating is the lowest subier rating, as specified in the IWA Subtier values and ratings fomany
different stove types are compared in Figurkeand 6-9 of this report. Following are brief descriptions
of performance indicators spéied in the IWA.

Efficiency/fuel uses an important indicator, especialigr cookstoves used in areas where fuel is scarce
or expensive or where forest degradationais issue due to unsustainable harvesting of wood for.fuel
Greater fuel efficiencys desirable, buincreasedefficiencydoes not always correlate with reduced
emissions of air pollutantsEfficiency/fuel use tier levels are based on thermal efficieatdyigh power
and specific energy uss low power, per the IWA.

Total emissionsf air pollutants from cookstoveblave potential impact on human health and climate
change. CO (carbon monoxide) and-BNMine particulate matter) are indicator pollutants specified in
IWA 11:2012, and emissions of additional pollutants are quantified g réport, includinggaseous
pollutantsCQ (carbon dioxide), THC (total hydrocarlshnCH (methane),and NG« (nitrogen oxides)as
well asparticulate OC (organic carbonEC (elemental carbon), and BC (black carbdimtal emission
tier levels are basedn the mass of pollutanémitted per unit of useful energy deliveredt high power
andthe specific emission ratat low-power, per the IWA.

Indoor emissionshave apotential direct impact on human health, and emissions may be redumed
stoveswith clearer combustion and/omwith chimneys (flues). Stovedgthout chimneys are tested for
total emissions into the indoor space, and stewgth chimneys are tested for fugitive emissioinam
the stove Indoor emissions tier levels are based on emission ra@sthe IWA

Safetyis also an important indicatoncluded in IWA 11:201for evaluation of stoves foprotection
from risk ofburns and other injuriesbut safety is not evaluated in thisport.

Cooking powelis not an IWA performance indicator, butifreportedin the summary becausécan be
important for meeting user needs.

Fuel burning ratesare reportedto define the test conditions.

IWA tier ratings are based on the performance of the stove system operated as intended with low
moisture fuel. Aditional test results are provided in this report for energy efficiency, fuel use, and air
pollutant emissions for lowand highmoisture fueland for use of the stove with an optional cooking
griddle Discussion of results, observations, and qualityiesmsceis also included in the report.



Stove Manufacturer StoveTeam InternationalEugene OR, USA

& Model Ecocina Stove

Testing Center EPAResearch Triangle Paiorth CarolinaUSA

Test Protocol WBT Version 4.3, EPA Rev.[4ee Referencé8)]

Fuel Used Red oak wood7.7% moisture (wet basis), 2 x 2 x 36 cm
Cooking Vessélsed Standard flatbottom 7L potwith 5 L of water with pot skirt

Test results were obtained in accordance with ISO (International Organiz&ton
Standardization) IWA (International Workshop Agreement) 11:20%3ee previous page for

brief description.

Metric Value Unit SubTier
Efficiency / Fuel Use
. High Power Thermal Efficiency 27 % 2
Tler 2 Low Power Specific Energge 0.038 | MJ/(mnL) 2
Total Emissions
High Power CO 5.23 g / MJelivered 4
. Low Power CO 0.12 g/ (minL) 2
Tler 1 High Power Pk 578 | mg/ Mdeivered 1
Low Power Plyks 2.8 mg / (min L) 2
Indoor Emissions
High Power CO 0.37 g/ min 4
. Low Power CO 0.48 g/ min 3
Tler O High Power Piyk 43.4 mg / min 0
Low Power Plyks 11.8 mg / min 2
Tiers O'b4 (best)
Value Unit
Cooking Power (average of Cold Start and Hot Start phases) 1219 W
Fuel burning rate (average for Cold Start, based on equivalent dry fuel consuf 13.9 | g/ min
Fuel burning rate (average for Hot Start, based on equivalent dry fuel consun] 16.5 | g/ min
Fuel burning rate (average for Simmer, based on equivalent dry fuel consumq 9.0 g/ min




Acronyms and Abbreviations

Alliance
ASTM
BC

C

GHs
CH
cm
CcoO
CQ
CPC
EC
EPA

HEPA
ISO
IWA

kg

kJ

L

MCE
Met Lab
mg

min

MJ
MdJselivered
mm
n.a.
NIOSH
NOk
ocC
PMs
PTFE
QA
RTP
SD
SOP
TC

TC
THC
W
WBT

Global Alliance forl€an Cookstoves
American Society for Testing and Materials (now known as ASTM International)
black carbon

carbon

propane

methane

centimeter(s)

carbon monoxide

carbon dioxide

condensation particle counter

elemental carbon

U.S Environmental Protection Agency
gram(s)

high-efficiency particulate air

International Organization for Standardization
International Workshop Agreement
kilogram(s)

kilojouleg(s)

liter(s)

modified combustion efficiency

Metrology Laboratory

milligram(s)

minute(s)

megajoulds)

megajoulds)of useful energy delivered
millimeter(s)

not applicable

National Institute for Occupation&8afety and Health
nitrogen oxides

organic carbon

particulate matter with an aerodynamic diamet#@.5 micrometers
polytetrafluoroethylene

guality assurance

Research Triangle Park

standard deviation

Standard Operating Procedure

Technical Committee

total carbon the sum ofEC ¢lemental carbohand OC ¢rganic cabon)
total hydrocarbon

Watt(s)

Water Boiling Test
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Cookstove Testing Program

CKS ' d{d 9YDPANRYYSYylGlf tNRGSOUA2YywasiEBdév@dpadito 6 9t | Q3
assistthe EPAed Partnership forClean Indoor Ai1) and is nowpart of i KS | ®{ ® D2 @SNYY
commitment to the Global Alliance for Clean Cookstdties Alliance)2). Goals of théestingprogram

are to:

1. Support the developmenbf testing protocols and standards for cookstoves through 1SO
(International Organization for Standardization)C (Technical Committee) 285: Clean
Cookstoves and Clean Cooking Solut{@js

2. Support the development of internathal Regional Testing and Knowledge Centenany
sponsored by the Allianc&)r scientifically evaluating anckertifying cookstoves to international
standardg4).

3. Provide an independent source of data to Alliance partners.

TMa $2N] adzLll2NIa 9t! Qad YAaaizy (2 Hivglod @i Kdzyl
pollution, mainly from solidfuel cookstoves in the developing world, is estimated to cause
approximately 4 milin premature deaths per yeas), and emissions of black carbon and other

pollutants from cookstoves affect regional and global climég An Alliancecoordinated multi-

national multi-disciplinary approach, includinibe development ofstandads and testingis designed to

improve global health and the environmettirough clean cooking solutior{).

Description of Cookstove System Tested

A cookstove system consists of the stove, cookiegsel fuel, and operatingrocedure. The default
operating proceduraised for testings theset ofwritten instructionsprovided bythe manufactureror
operation as intended by the manufactureActual performance of a cookstove used in the field may
vary ifthe systemis notoperated as intende, or if the stove is usd with a different type of fuel or
cooking vessel.

Development and dissemination. Nancy Hughes and a team of volunteers from the Eugene
Southtowne Rotary Club, Oregon, USA, developed the Ecocina cookstovees Stevproducedn
factorieswith all local materialgn El SalvadoiGuatemala, Honduras, and Mexico

Type of stove The StoveTeam Ecocirf@ove is a naturatlraft rockettype of cookstove designed for
wood fuel. Electrical power is not required foaturaldraft stoves power is requiredor some forced
draft stoves). As show in Figure 1the stove may be used with cookingpot or comal(a griddle, also
known as gplanchg for making tortillasor frying foods. For cooking with a pot, tltemal may be
removed to expose the pot directly to flames and hot combustion gases for improved efficiéncy.
rockettype combustion chambeis located under the cooking par comal An adjustablepot skirt
enhancesheat transfer to the sides, as well as the toot, of the pot. The stove is designed to burn
sticksof fuel wood or other biomass (e.g., corn colibpt are manually fed into an opening in the lower
front of the stove. Cooking power is controlled by the amount of fuel fed into the combustion chamber
The stovas designed to benanufactured in a small factory.



Credit: StoveTeam
International

Figurel. Ecocina&components: 1 Pot, 2 Pot SkirtC8ma) 4 Pot Suppost 5 Body, 6 Wood Support.

Construction materials The Ecocinastove body ismade of ferracement (steetreinforced concrete)
and the internal combustion chamber is made of {fiked tile surrounded by insulating pumice. Pot
supports, wood supportzomal and a rim around the upper bodye made of steel, and the pot skirt is
made of galvanizt steel. Weight of the stoveis 38 kg with pot supports and wood supports, but
without the comal pot, or skirt

Dimensions.

Stove leight:36cm

Stovelower body diameter 36 cm

Stove upper body diamete#8.5cm
Combustion chamber internalidth: 12cm
Combustion chamber interndlepth: 14cm
Combustion chamber internal heigtit4 cm
Fuelair opening 13cmx13cm

Height of fuelair opening frombottom: 4 cm

Figure2. Ecocinastove with pot skirt

Accessories The stovewvas supplied witlihe followingremovableparts: adjustablepot skirt,comal pot
support, and wood supportA pot was not supplied with the stove.

Cookingvessel A default standard flabottomed pot was used for the tests. This pot has a weight of
approximately 815 grams. Full capacity is approximately 7 liters, and the pot is used with 5 liters of

2



water for the tests. Material is stainless steel. Outside diameter of the rolled edge at the top of the pot
is 257 mm, and inside diameter of the pot aettop is 244 mm. Outside diameter at the bottom is 243
mm. Height (not including handles) is 162 mm. The pot was obtained from the Qi@@any
(Copenhagen, Denmark) that provides supplies for emergency relief and development projects around
the world.

Fuel A hardwood, Red Oak)(ercus rubrg was obtained from a local supplierRaleigh, NCBark was
removed, and the wood was sasut to dimensions of 2 cm x 2 cm x 36 cm long for-thoaisture fuel
and dimensions of 1 cm x 2 cm x 36 cm long for-hgisture fuel. Wood was air dried, and high
moisture fuel was preserved in aealed containers in a freezer. Moisture contemt a wet basigs
reported in Tables-B for low-moisture fuel and in Tables3for highmoisture fuel.

Operating procedure Operatinginstructiors were supplied with the stoveand theinstructions were
followed during testing.

Cost. According tdStoveTeam information, in 2011, approximate production cost was US$35, wholesale
cost was US$44, and retail cost was US$50.

Quantity disseminated. As of May 201pfactories produced and sold more thasb,334 stoves
according to StoveTeam Internatior{aR).

Lifetime. Estimatedtypical lifetime isapproximately five yearsbut lifetime may vary dependinon
hours of use, fuel quality, environmental conditions, and other facttmghe future, a durability testing
protocol may be developed througlsO TC 285, ardurability testingmay provide more comparable
and quantitative resultshan estimated liféime.

Test Protocol

The cookstove system wéssted using the Water Boiling Te@tVBT)Version 4.23 (8) andfollowing the

ISO International Workshop Agreement Guideliries Evaluating Cookstove Performan¢@) (10).
Further development of testing protocols and standards is underway through ISO Technical Committee
285(3. C2NJ YSI &dzZNRy 3 AN LRt fdzii I yi SRA &ayaz2eWa 5 ai KiSK Sa i
method) was used, as described on Pag@$1 of the WBT protocof8) and similar to EPA Method 5G

(11). Emissions were captured in a fume hood and were drawn under negatteasure through a
primary dilution tunnel and then through a secondary tunnel with additioH&PA(high-efficiency
particulate aij-filtered dilution air. Gaseousair pollutants were sampled from the primary dilution
tunnel, and particulate pollutants are sampled from the secondary dilution tunrfet testing ofthis
stove/fuel. Indoor emissions results were determined from total emissions for the Ecocina cookstove
without a chimney. The WBT protocol specifies that the stdwetested at high power @d- and hot

start phaseshand low power (simmer phase)The coldstart phase begins with the stove at ambient
temperature, and the hostart phase begins with the stove at operating temperature. During both
phases, the stove is operated at high powehtat water in thecooking vessdtom ambient to boiling
temperature. During the simmer phase, the stove is operated at low power to maintain the target
water temperatureat 3°C below the boiling point.Fuel burning rats determine the power leval

Duing testing, variation in fuel burning rates between test replications is minimizesttual
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performance of a cookstove used in the field may vary if the stove is operated at different fuel burning
rates andhence at differenpower levels.

During each ofthe three separate phases of the test protoc@lvks (particulate matter with an
aerodynamic diameter>X 2.5 micrometery was isokinetically sampled and collected ®TFE
(polytretrafluoroethylene)membrane filters for gravimetric analysis and on quditber filters for OC
(organic carbon) and EC (elemental carbon) analyses. Gravimetric analysis was performed with a
microbalance in a temperatureand humiditycontrolled room. OC and EC analysese performed
usingNIOSHNational Institute for Occupainal Safety and Healtethod 5040(13), including analysis

of gasphase samples collected on quartz fiber filters downstream of PTFE membrane filters to account
for the gasphase absorption artifadtl4). BC (black carbortponcentrations were measured in retiihe

with a microAeth® Model AE51 (AethLabs, San Francisco, CA, USA) aethalometer. Gaseous pollutant
concentrations were measured in re@ine with continuous emission monitors. CO (carbon made)

and CQ (carbon dioxide) were measured witimon-dispersive infrared analyzgr THC ftotal
hydrocarbons) and GHmethane) were measured withflame-ionization detection analyzersand
nitrogen oxides (NQwere measured with ahemiluminescence anagr.

Fuel moisture content was measured using the cdeying method(15), and fuel heat of combustion
was measured using the calorimeter methddb).

The cookstove was also tested with its optiomgiddle (comal), as shown in Figure 1, following
guidelines(17)developedby an adhoc group of stove testing experts from Latin Amegctthe Plancha
Stove Testing Protocol Workshop at Zamorano University in Honduras obed@3931, 2013. WBT
Version 4.2.3vas followed, except the pot was replaced with the comal, and a flexible cooking vessel
constructed from polyester film (0.13 mm thick) was usedhtdd water for the test. The flexible
cooking vessel conformed to theurface of the griddle and covered 60 percent of the surface,grea

the plancha stove testing guidelinéky).

Test Results

A summary of results presented in accordance with ISO IWA 11:2@)2n Pagev of this report. IWA
tier ratings are based on the performance of the stove system operated as intendetbwithoisture
wood fuel.

Ecocinaest results are compared with previously published res{il®)in Figues3-9. Key indicators of
performanceshown in the figuresire describedn Jetter et al. 201218). Error bars on the data points
for the Ecocinastoveindicatestandard deviations 085% confidence intervalsising thet-distribution),
as specified in the figured-or reference, data points for thes2one fire are indicated by redolored X
markers Two data points are shown on each graph for a carefiefiged and a minimallended 3
stone fire. The carefulliended fire performed betterthan the minimallytended firein all measures
(18) 5+ GF LRAY(G& 00f dzS RALIl Y2y R indicatgflRAOMpariSdR withthe G KS ¢
PhilipsModel HD4012¢ a well-known and relatively higiperforming forced-draft solicd-fuel household
stove Data points for other stoves with previously published results are not identified in Figt9es
but stoves are identified in the journal artic{&8). All data shown in the figes are for stoves tested
with low-moisturesolidfuels, as described in the published res(k8).
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Gooking power versus fire powe(in measurementunits of Watts) data are shown in Figure 3 faigh

power (average of coldtart and hotstart phases of the WBT)Cooking power is the rate of useful
energy delivered to the contents of the cookingsse] while fire power is the rate of fuel energy used.
Adequate cooking power is important for user acceptability, and cookingNdwé & O2 NNBE I G SR
to-0 2 A1B).€ The ratio of cooking power to fire power is thermal efficiegejpown in Figurd.

Joecific energy use during loywower (simmer phase of the WBTersus thermal efficiencyduring
high-power (average of colétart and hotstart phases of the WBTgataare shown in Figurd. These
metrics are used to determine IWA Tier ratings, and the IWATSeiis are indicated in the figure.

Low-power versus highpower MCE(modified combustion efficiecy)data are shown in Figurs. MCE

is defined agCQ/(CQ + CO)on a molar basis and is considered a reasonable proxy for true combustion
efficiency. MCE is noused to determine IWA Tier ratings, but stoves with higher MCEs tend to have
lower emissdns of air pollutants.Best performance is indicated in the upper right corner of the graph.

COversusPM, s emissions per useful energy delivereMdeivered t0 the water inthe cookingvessel
during highpower phases of the WBIataare shown in Figer6. Pollutant emissions per useful energy
delivered and thermal efficiency areey IWA metricsdhecause they are based on the fundamental
desired outputg cooking energy, that enables valid comparisons betweensttives and fuels.

COversusPM. s emissons perminute per liter of water simmeredduring the lowpower phase of the
WBTdata are shown in Figur@. Useful cooking energy is not accurately measured during the low
power test phase of the WB(IL8), therefore the specifc emission ratds used as the metriger the
IWA.

CO versus P4 indoor emission rates during higpower phases of the WBdlataare shown in Figure
8.

CO versus Phtindoor emission rates during lovpower dataare shown in Figur®.

Tabulated datafor the Ecocinawith low-moisture woodfuel, including data for test replicates, are
shown in Tables-B for parameters of theNater Boiling Test8) and emissions of Pk and gaseousir
pollutants, adescribed in Jetter etla2012(18). Test Numbers shown in the column headings may not
be sequential, becaussometests were rejectedor the reasons given in footnotes to the tabl&he
number of accepd test replicates performed wasevenfor low-power, sevenfor high-power hotstart,

and nine for highpower coldstart test phases. A sufficient number of replicates was performed to
reduce 95% confidence intervals for ISO IWA tier ratings (Figuned19).

OC and E@articulate emissiondata are reported for lowmoisture fuel in Table 4. Mass fractions of
organic and elemental carbon to total carbon in particulate matter are reported in Table 5.

BCemissionsdataare reported for lowmoisture fuel in Table 6.



Test Results for High -Moisture F uel

Tabulated data for théecocinastove with highmoisture fuel are shown in Tables12 in the same
format as Tables-6, as described in the previous section for {owisture fuel. Threetest replicates
were performed to enable the calculation of stamd deviations as an indicator of test variability.
Moisture content was approximately 30 percent (wet basis) for mglisture wood fuel, but some low
moisture fuel was required for starting the fire and maintaining combustion. Fuel moisture costent i
reported as the average (on a mass basis) of lmwd highmoisture fuels, as described in Jetter etal.
see Supporting Informatio¢18).

Test Results for Stove Use with Griddle (Comal)

Tabulated data for the Ecocina stovéttwits optional griddle (comal) are shown in Tabl&s18in the
same format as Tables@], as describedbove The number of acceptable test replicates performed was
sevenfor low-power, eight for high-power hotstart, andeight for highpower coldstart test phases.
Tests with the griddle were performed with lemvoisture wood fuel.

A sideby-side comparison ofesults with pot/griddle and lowhigh-moistureis provided in Tables91

22. Results for high 2 A a1 dzNE @ 3INB Sy ¢ 62 2 R re@ndadckgroindi&lorfinytiieA O G SR
tables, results for lownoisture (dry) fuelre indicated by the tan color, and results for the griddle are

indicated by the blue color.
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Discussion of Results and Observations

As shown in the Results Suraryon Page ivthe Ecocin@a 022 Ay 3 L2 g SNRKWM a | LILIN
(average of colgtart and hotstart test phases of the WBTAverage cooking power was greater during

thehota G NI LIKF&aS o0SOFdzaS Y2NB KSF{d g1 agthecadsdtadtb SR 6 @
(see Tables 1 and.2As shown in Figur®, average cooking power for the Ecocina wsamilar tothat for

the 3-stone fire,but fire power for the Ecocina was lower due to its better thermal efficiefdye

Ecocinais rated at Tier2 for Efficiency/Fuel Use, as shown in Figdre MCE wagreater during high

powerthan duringlow-power, as shown in Figurg.

The Ecocinais rated at Tierl for Total Emissions, as shown in the Results Summatighpower CO
emissions are rated at Sudber 4 and lowpower emissions of both C&ahd PMsare rated at SulTier 2,
but highpower PM s emissions are rated at Sulier 1. The overall Tier rating is based on the lowest
SubTier rating, per the IWA. As shown in Figuesd 7, most previously testd naturaldraft stoves
were ratedin SubTiers 1 and 2 for fissions

As shown in the Results Summary, theocinas rated at TielD for Indoor EmissionsHighpower CO
emissions are rated at Stfier 4, and lowpower emissions of CO and Phéire ratedat SubTiers 3 and

2, respectively,but highpower PM s emissions are rated at Suber0. Indoor Emissions Tiers are
based on emission rates (pollutant mass per time) into the household spacghown in Figures 8 and

9. A stove with an effectivelimney could have relatively high Total Emissions (low Tier rating) but low
Indoor Emissions (high Tier rating). The Ecocina does not have a chimney, although an attachment for a
chimney has beemlemonstrated at the Ecocomal Factory near Antigua, Guatemdlhe stove with
attachment and chimney has not been tested by EPA.
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The fraction of organic to total carbon in RMvassimilar at low and highpower, as shown in Table 5.
Elemental carbon is generally considered a reasonable proxy for black catlidriabk carbon is not

yet scientifically well defined. Black carbon emissions can be operationally defined by an aethalometer
instrument, as presented in Table 6. Discrepancies in mass between EC and BC and between TC and
PMs may sometimes be observetlie to the different methods and measurement uncertainties.

As expected, performance was generally better with-fowisture fuel than with higimoisture fuel, as
shown in Tabld9. With lowmoisture fuel, fuel consumption was lower, thermal efficiencysvaggher,
cooking power was higher, and air pollutant emissibased on useful energy deliveregere mostly
lower, except PMs emissions were higher during the hstart test phase Cooking power was greater
during the hotstart test phase than duringhe coldstart phase for both lowand highmoisture fuels,
0S0OIdzaS GKS ai2@SQa (KSNXihdcoldstard Emissions af Natialphase NS K S|
organic carbon were lower with lowoisture fuelfor low-power and higkpower coldstart testphases
but emissions were lower with higimoisture fuel for the higipower hotstart phase, as shown in Table
20. Hnissions of elemental and black carbon were lower Witli-moisture fuelfor the lowpower test
phase but emissions were lower with higmoisture fuel for the higlpower phasesas shown in Tables
20-21.

Thermal efficiency was better with the pot than with the griddle, as shown in TbleThe plancha
(griddle) testing protoco(17)was developed to evaluate ¢éhmal efficiency based oine measurement
of heat transfer directly to thesurface of the griddle water in direct contact with the griddle simulates
food (e.g., tortillas and meagookeddirectly on the griddle If a pot is heated on top of a griddle,
thermal efficiency is typically relatively low duettze limited contact area fothe conduction of heat
from the griddle to the potand due to the conduction of heat away from the pot by the griddie).
Stoves with fixed gadles typically have relatively low thermal efficiency for cooking with (b#3(19),
but the Ecocina has a removable gridftemalg Figure 1Yhat enables relatively high thermal efficiency
with the use ofa pot and pot skirt.

Realtime data for a typical test sequence are shown in Figlle Data are shown for pollutant
concentrations measured in the dilution tunnel, and pot water temperature indicates the three phases
of WBT test sequence. Camtrations fluctuated over time as fuel was fed into the stoveQ
concentration indicates the rate of fuel consumption. THC concentratiomi® reported as GHs
(propane). Concentrations of THC, ¢Hind NQ were relatively low, but clearly above backgnd
levels.

The Ecocina performed without any problems during testing. The Ecocina is simple to apsnatiar
to typical rocket stoves. The Ecocina is portable withit a mass of 38 kg, is heavier than typical metal
stoves. Stoves ammanufadured in small factories [seEcocina web sitél2), and the Ecocina seems
solidly made

11
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Figurel0. Realtime data for a typical test sequence

Quality Assurance/Quality Control

A Quality Assurance 6lect Plan (QAPP) meeting EPA requiremg@2@) was prepared and was

reviewed by an EPA Quality Manager. Specifically, work was in compliance with Category Il Quality

' 3adzNF yOS t Nr2SOG tfFy mNghlYy dslbNBgesey préectstidvdhdnyarday” L2 NI
adzOK & adzL2NIAYy3dI GKS RSOSt2LIVSY 21 ¥ SYy@GANRBYYSy

In February 2014, EPA QA staff conducted a technical systems audit (TSA) of this phajgeirpose of

this TSA was to conduct an independent and objective assessmentgifeoactivities through an in
depth evaluation of technical system documents;site laboratory work, equipment, procedures, and
record keeping activities to ensure (that environmental data collection activities and the resulting
data comply with the project's QAPP; (2) that these activities are implemented effectively; and (3) that
these activities are suitable to achieve the project's data quality goals.

The TSA wasonducted in accordance with principles describedsumidance on Technical Audits and
Related Assessments for Environmental Data Operaf@2)s The technical basis of the TSA was the
QAPP entitledCookstove Testing for Adollutant Emissions, Energy Efficiency, and Fuel Use, Reyision 1
September 2013.

In general, the audit findings were positive in nature and indicated that the project was implemented as
described in the QAPP. Note that the term "findings" as used irdtdusment was consistent with the
QA/G7 definition and does not necessarily imply mpoonformance. There were no findings that
indicated a quality problem requiring corrective action. All phases of the implementation were found to
be acceptable and to bgerformed in a manner consistent with the QAPP and with EPA quality
assurance requirements.

In May 2016, EPA QA staff conducteddQ &udit of data quality) of the test results being reported in
this publication. The ADQ was conducted in accordande®uidance on Technical Audits and Related
Assessments for Environmental Data Operati(2®). It examined the results after they had been
collected and verified by project personnel. It determined how well the measuremetainsyserformed
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with respect to the performance goals specified in the QAPP and whether the data were accumulated,
transferred, reduced, calculated, summarized, and reported correctly. It documented and evaluated the
methods by which decisions were made digritreatment of the data. It found that there is sufficient
documentation of all procedures used in the data collection effort and that the data were collected
according to these procedures. Enough information is provided to allow a potential user tonidete

the quality and limitations of the data and whether the intended use of the data is appropriate. The
data are of sufficient quality with respect to measurement quality objectives and other performance
criteria for their intended use.

An important irdicator of overall data quality for cookstove performance testing is the carbon mass
balance. Carbon measured in the emissions is compared with carbon measured in the fuel consumed. A
percent difference based on carbon in the fuel is calculated for @¢asthphase. A positive result

indicates that more carbon was measured in the fuel than in the emissions, and a negative result
indicates that less carbon was measured in fuel than in emissi@hs. absolute value of the percent

difference is used as a glity indicator ands considered to be excellentwhei /8’2 = I22 R 6 KSYy X
FOOSLIiFoftS 6KSY X Hm:X YR dzylk OOSLIilto6fS 6KSYy B H»
pursuit of excellent results, and tests are rejected when the carbon balare@86. Carboebhalance

results are shown in TabR2. Measurement uncertainties for both emissions and fuel are reflected in

the carbonbalance results. Negative values in Table 17 indicate potential positive bias for carbon
measured in emissions and/oegative bias for carbon measured in fuel. Test replicates were rejected

if the carbon balance was unacceptable, and data were rejected if measurement quality objectives
(described below) were unacceptable.

The carbon balance is an overall indicator of ngnaof the critical measurements included as
measurement quality objectives listed in Talg Test results included in this report were based on
measurements that met or exceeded these quality objectives. Data were rejected if measurements did
not meetacceptance criteria.

Tables

Following are tabulatedata and informationas described above.
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Tablel. Lowmoisture fuel, lgh-power coldstart ¢ WBT, PMz 5, and gaseous pollutant parameters

Parameter Units Average | SD Test 1 Test2 Test 3 Test 4 Test5 Test 6 Test 7 Test 8 Test 9
Fuel moisture (wet basis) % 7.7 1.0 9.4 9.4 7.2 7.1 7.7 7.7 6.6 7.1 7.2
Fuel consumed (raw) g 700 86 819 731 790 703 564 711 585 654 743
Equivalent dry fuel consumed g 554 73 650 562 647 576 431 540 468 527 589
Time to boil 5 liters of water, 25 to 100 min 40.45 7.46 51.62 45.67 42.83 37.45 27.28 42.08 33.13 37.33 46.68
Thermal efficiency % 24.0 2.8 21.3 22.2 20.3 21.2 27.9 26.3 26.9 25.5 24.4
Fuel lurning rate equivalent dry fuel basis g/min 13.9 1.3 12.6 12.3 15.1 15.4 15.8 12.8 14.1 14.1 12.6
Temperaturecorrected specific fuel consumption glliter 112 17 137 114 132 110 85 112 90 105 122
Temperaturecorrected specific energyse kJ/liter 2011 336 2513 2090 2414 2016 1497 1977 1592 1855 2146
Hre power w 4149 410 3841 3758 4611 4695 4649 3772 4152 4151 3709
Cooking power w 994 149 817 834 938 995 1295 993 1115 1057 904
Modified combustion efficiency % 97.9 0.5 96.8 98.0 98.2 98.2 97.3 98.2 98.2 97.9 98.1
PM; s temperature-corrected total mas mg 1149 175 1300 846 1390 1075 1336 1215 1113 1044 1026
massper effective volume of water boiled mg/liter 246 38 284 180 299 225 277 267 233 222 223
massper fuel mass (raw) mg/kg 1769 365 1643 1213 1860 1678 2499 1807 2064 1703 1454
massper equivalent dry fuetnass mg/kg 2238 484 2071 1577 2270 2046 3267 2379 2579 2114 1836
massper fuel energy mg/MJ 125 28 113 86 124 112 185 135 146 120 104
massper useful energy delivered (to water in pof mg/MJ 519 85 532 388 609 527 665 512 544 470 427
massper time mg/hour 1885 556 1564 1165 2058 1888 3099 1831 2185 1790 1389
COtemperaturecorrected total mass g 13.3 4.8 25.4 13.2 12.7 10.5 13.3 10.9 9.0 11.9 12.5
massper effective volume of water bied glliter 2.84 1.06 5.54 2.80 2.73 2.20 2.75 2.39 1.89 2.53 2.71
massper fuel mass (raw) g/kg 19.9 5.3 32.1 18.9 17.0 16.4 24.8 16.2 16.7 19.4 17.6
massper equivalent dry fueinass g/kg 25.2 6.8 40.4 24.5 20.7 20.0 32.4 21.3 20.9 241 22.3
massper fuel energy g/MJ 1.40 0.37 2.21 1.34 1.13 1.09 1.84 1.21 1.18 1.37 1.26
massper useful energy delivered (to water in pof g/MJ 5.92 1.80 10.37 6.03 5.57 5.16 6.59 4.59 4.41 5.36 5.18
massper time g/hour 20.9 5.6 30.5 18.1 18.8 18.5 30.7 16.4 17.7 20.4 16.9
CQ temperature-corrected total mass g 942 151 1218 1027 1059 893 742 932 763 853 992
massper effective volume of water boiled glliter 202 35 266 218 228 187 154 205 160 182 216
massper fud mass (raw) g/kg 1423 51 1539 1472 1418 1394 1387 1387 1415 1392 1405
massper equivalent dry fueinass g/kg 1799 83 1940 1913 1730 1699 1814 1826 1769 1727 1775
massper fuel energy g/MJ 100 5 106 104 95 93 103 104 100 98 101
massper useful energy delivered (to water in pof g/MJ 423 a7 498 471 465 438 369 393 373 384 413
massper time g/hour 1494 113 1465 1413 1569 1568 1721 1405 1498 1463 1343
THC(as GHs) temperature-corrected total mass g 1.40 0.67 2.96 1.47 1.55 1.04 1.72 1.09 0.83 1.10 0.83
massper effective volume of water boiled glliter 0.30 0.15 0.65 0.31 0.33 0.22 0.36 0.24 0.17 0.23 0.18
massper fuel mass (raw) g/kg 2.10 0.84 3.74 2.11 2.08 1.62 3.21 1.62 1.54 1.79 1.17
massper equivalent dry fuemass g/kg 2.66 1.09 4.72 2.75 2.53 1.98 4.20 2.13 1.93 2.22 1.48
massper fuel energy g/MJ 0.15 0.06 0.26 0.15 0.14 0.11 0.24 0.12 0.11 0.13 0.08
massper useful energy delivered (to water in pof  g/MJ 0.63 0.27 1.21 0.68 0.68 0.51 0.85 0.46 0.41 0.49 0.34
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massper time g/hour 2.22 0.94 3.56 2.03 2.30 1.83 3.99 1.64 1.63 1.88 1.12
CH temperature-corrected total mass g 0.40 0.17 0.78 0.45 0.31 0.20 0.53 0.35 0.28 0.35 0.33
massper effective volume bwater boiled glliter 0.08 0.04 0.17 0.10 0.07 0.04 0.11 0.08 0.06 0.07 0.07
massper fuel mass (raw) a/kg 0.60 0.24 0.98 0.65 0.41 0.31 1.00 0.52 0.51 0.57 0.46
massper equivalent dry fueinass a/kg 0.76 0.32 1.24 0.84 0.50 0.37 1.31 0.69 0.64 0.71 0.59
massper fuel energy g/MJ 0.04 0.02 0.07 0.05 0.03 0.02 0.07 0.04 0.04 0.04 0.03
massper useful energy delivered (to water in pof  g/MJ 0.18 0.07 0.32 0.21 0.13 0.10 0.27 0.15 0.14 0.16 0.14
massper time g/hour 0.63 0.28 0.93 0.62 0.45 0.34 1.24 0.53 0.54 0.60 0.44
NOx temperature-corrected total mass g 0.37 0.12 n.al 0.41 0.62 0.43 0.25 0.32 0.24 0.30 0.38
massper effective volume of water boiled glliter 0.08 0.03 n.al 0.09 0.13 0.09 0.05 0.07 0.05 0.06 0.08
massper fuel mass (raw) a/kg 0.56 0.13 n.al 0.59 0.83 0.66 0.47 0.48 0.45 0.49 0.54
massper equivalent dry fueinass a/kg 0.71 0.15 n.al 0.77 1.02 0.81 0.61 0.63 0.56 0.61 0.69
massper fuel energy g/MJ 0.04 0.01 n.al 0.04 0.06 0.04 0.03 0.04 0.03 0.03 0.04
massper useful energy delivered (to water in pof  g/MJ 0.17 0.05 n.al 0.19 0.27 0.21 0.12 0.14 0.12 0.14 0.16
massper time g/hour 0.60 0.16 n.al 0.57 0.92 0.75 0.58 0.49 0.47 0.51 0.52

1 NGOk concentration measurement failed acceptance criteria
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Table2. Lowmoisture fuel, lgh-power hotstart ¢ WBT, Rl2s, and gaseous pollutant parameters

Parameter Units Average | SD Testl | Test4 | Test5 | Test6 | Test7 | Test8 | Test9
Fuel moisture (wet basis) % 7.6 0.9 9.4 7.1 7.7 7.7 6.6 7.1 7.2
Fuel consumed (raw) g 549 46 601 616 520 524 536 560 489
Equivalent dry fuel consumed g 417 51 454 497 391 366 422 438 351
Time to boil 5 liters of water, 25 to 100°C min 25.46 3.73 | 3225 | 28.67 | 21.23 | 2438 | 2450 | 23.17 | 24.03
Thermal efficiency % 29.6 3.3 27.6 26.2 29.3 33.8 28.4 27.5 34.6
Fuel lurning rate equivalent dry fuel basis g/min 16.5 1.9 141 17.3 18.4 15.0 17.2 18.9 14.6
Temperaturecorrected specific fuel consumption glliter 82.5 105 93.9 97.7 76.6 73.4 80.9 85.6 69.2
Temperaturecorrected specific energyse kJ/liter 1473 214 1719 1789 1351 1295 1428 1511 1222
Fire power w 4905 555 4296 5285 5410 4418 5064 5566 4293
Cooking power w 1444 130 1187 1383 1583 1494 1440 1533 1485
Modified combustion efficiency % 98.0 0.5 97.4 97.9 97.8 98.3 98.5 97.4 98.5
PM, s temperaturecorrected total mass mg 1302 255 1101 1315 1759 1255 1346 n.a2 1034
massper effective volume of water boiled mg/liter 273 51 236 280 363 266 279 n.a? 216
massper fuel mass (raw) mg/kg 2543 571 1897 2313 3562 2534 2715 n.a? 2235
massper equivalent dry fuetnass mg/kg 3386 776 2510 2871 4743 3626 3449 n.a? 3116
massper fuel energy mg/MJ 190 46 137 157 269 206 195 n.a? 177
massper useful energy delivered (to water in pof mg/MJ 637 155 496 599 918 608 687 n.a? 511
massper time mg/hour 3317 1061 | 2120 2984 5235 3269 3563 n.a? 2729
COtemperaturecorrected total mass g 9.4 3.2 14.7 11.2 9.4 7.2 6.3 11.3 5.9
massper effective volume of water boiled glliter 1.98 0.69 3.14 2.39 1.93 1.52 1.30 2.36 1.22
massper fuel mass (raw) g/kg 17.9 4.8 25.3 19.7 19.0 14.5 12.7 21.6 12.7
massper equivalent dry fueinass g/kg 23.6 6.0 33.4 24.5 25.2 20.8 16.1 275 17.7
massper fuel energy g/MJ 1.32 0.32 1.83 1.34 1.43 1.18 0.91 1.56 1.00
massper useful energy delivered (to water in pof g/MJ 4.55 1.39 6.60 5.11 4.89 3.48 3.21 5.66 2.90
massper time g/hour 23.4 6.3 28.2 25.4 27.9 18.7 16.7 31.3 15.5
CQ temperature-corrected total mass g 703 93 858 815 648 663 654 662 624
massper effective volume of water boiled glliter 148 21 184 174 134 141 136 138 130
massper fuel mass (raw) g/kg 1356 75 1478 1434 1312 1339 1320 1261 1350
massper equivalent dry fueinass g/kg 1795 129 1957 1779 1747 1916 1677 1609 1882
massper fuel energy g/MJ 101 7 107 97 99 109 95 91 107
massper useful energy delivered (to water in pof  g/MJ 342 28 387 372 338 321 334 331 308
massper time g/hour 1766 105 1653 1849 1928 1727 1732 1828 1648
THC(as GHs) temperature-corrected total mass g 1.10 0.59 1.87 1.05 1.48 0.63 0.68 1.68 0.31
massper effective volume of waterdiled glliter 0.23 0.12 0.40 0.22 0.31 0.13 0.14 0.35 0.06
massper fuel mass (raw) g/kg 2.08 1.05 3.23 1.84 3.00 1.28 1.38 3.19 0.67
massper equivalent dry fueinass g/kg 2.73 1.35 4.27 2.29 3.99 1.83 1.75 4.08 0.94
massper fuel energy g/MJ 0.15 0.08 0.23 0.12 0.23 0.10 0.10 0.23 0.05
massper useful energy delivered (to water in pof  g/MJ 0.53 0.28 0.84 0.48 0.77 0.31 0.35 0.84 0.15
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massper time g/hour 2.76 1.47 3.61 2.38 4.40 1.65 1.81 4.63 0.82
CH temperature-corrected total mass g 0.32 0.17 0.50 0.22 0.46 0.20 0.23 0.52 0.12
massper effective volume of water boiled glliter 0.07 0.03 0.11 0.05 0.09 0.04 0.05 0.11 0.02
massper fuel mass (raw) a/kg 0.61 0.30 0.85 0.38 0.93 0.40 0.46 0.98 0.25
massper equivalent dry fueinass a/kg 0.80 0.39 1.13 0.47 1.24 0.57 0.58 1.25 0.35
massper fuel energy g/MJ 0.04 0.02 0.06 0.03 0.07 0.03 0.03 0.07 0.02
massper useful energy delivered (to water in pof  g/MJ 0.16 0.08 0.22 0.10 0.24 0.10 0.12 0.26 0.06
massper time g/hour 0.81 0.45 0.95 0.49 1.37 0.51 0.60 1.42 0.31
NOx temperature-corrected total mass g 0.25 0.06 n.a3 0.37 0.20 0.28 0.22 0.22 0.23
massper effective volume of water boiled glliter 0.05 0.01 n.a3 0.08 0.04 0.06 0.05 0.05 0.05
massper fuel mass (raw) a/kg 0.50 0.09 n.a3 0.65 0.41 0.56 0.44 0.42 0.50
massper equivalent dry fueinass a/kg 0.66 0.13 n.a3 0.81 0.55 0.80 0.56 0.53 0.70
massper fuel energy g/MJ 0.04 0.01 n.a3 0.04 0.03 0.05 0.03 0.03 0.04
massper useful energy delivered (to water in pof  g/MJ 0.12 0.02 n.a3 0.17 0.11 0.13 0.11 0.11 0.12
massper time g/hour 0.66 0.10 n.a3 0.84 0.61 0.72 0.58 0.60 0.62

1Test 2rejected dueto fuel burning rate too low, Te rejected due to fuel burning rateo high
2 PMsoutlier rejected
3 NCOx concentration measurement failed acceptance criteria
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Table3. Lowmoisture fuel,dw-power (30-min simmer); WBT and pollutant emissiorparameters

Parameter Units Average SD Testl | Test2 | Test3 | Test6 | Test7 | Test8 | Test9
Fuel moisture (wet basis) % 7.9 1.1 9.4 9.4 7.7 7.7 6.6 7.1 7.2
Fuel consumed (raw) g 248 36 277 311 260 229 212 226 221
Equivalent dry fuetonsumed g 270 27 285 312 285 272 232 252 255
Fuel lurning rate equivalent dry fuel basis g/min 9.0 0.9 9.5 10.4 9.5 9.1 7.7 8.4 8.5
Secific fuel consumption g/liter 64.4 7.4 68.5 77.1 66.6 64.7 54.4 59.6 60.0
Soecific energyse kJ/liter 1150 150 1254 1412 1175 1142 959 1052 1059
Fire power W 2680 302 2887 3178 2793 2663 2276 2468 2497
Modified combustion efficiency % 95.1 0.5 95.4 95.7 95.1 95.2 94.7 94.2 95.5
PM, s total mass mg 355 47 n.a? 418 404 318 347 345 298
massper volume of wger remaining mg/liter 84.4 12.2 n.a? 103.2 94.5 75.9 81.2 81.7 70.2
massper fuel mass (raw) mg/kg 1467 123 n.a2 1344 1552 1390 1636 1530 1347
massper equivalent dry fueinass mg/kg 1327 132 n.a? 1338 1418 1172 1493 1371 1170
massper fuel energy mg/MJ 74.7 7.5 n.a? 73.1 80.4 66.4 84.6 77.7 66.3
massper time mg/hour 710 94 n.a? 836 808 637 693 690 596
COtotal mass g 14.6 1.8 16.0 14.6 15.6 13.3 13.9 17.0 11.5
massper volume of wateremaining glliter 3.46 0.45 3.86 3.60 3.65 3.17 3.25 4.02 2.71
massper fuel mass (raw) o/kg 59.4 9.2 57.9 46.9 60.0 58.1 65.5 75.2 51.9
massper equivalent dry fueinass o/kg 54.1 7.9 56.3 46.6 54.8 49.0 59.8 67.4 45.1
massper fuel energy g/MJ 3.04 0.46 3.08 2.55 3.11 2.77 3.39 3.82 2.56
massper time g/hour 29.1 3.7 32.0 29.1 31.3 26.6 27.8 33.9 23.0
CQ total mass g 448 56 522 507 479 419 390 436 381
massper volume of wateremaining glliter 107 15 126 125 112 100 91 103 90
massper fuel mass (raw) a/kg 1812 103 1886 1631 1841 1828 1842 1934 1721
massper equivalent dry fueinass g/kg 1655 115 1834 1623 1682 1541 1681 1733 1495
massper fuel energy g/MJ 93 6 100 89 95 87 95 98 85
massper time g/hour 895 111 1041 1014 959 837 781 872 762
THC(as GHg) total mass g 0.59 0.32 1.23 0.78 0.44 0.35 0.33 0.41 0.56
massper volume of wateremaining glliter 0.14 0.08 0.30 0.19 0.10 0.08 0.08 0.10 0.13
massper fuel mass (raw) a/kg 2.30 1.04 4.46 2.50 1.70 1.53 1.56 1.84 2.53
massper equivalent dry fueinass a/kg 2.13 1.06 4.33 2.49 1.55 1.29 1.42 1.65 2.20
massper fuel energy g/MJ 0.12 0.06 0.24 0.14 0.09 0.07 0.08 0.09 0.12
massper time g/hour 1.17 0.64 2.46 1.55 0.88 0.70 0.66 0.83 1.12
CH total mass g 0.26 0.08 0.41 0.31 0.24 0.20 0.20 0.18 0.31
massper volume of wateremaining glliter 0.06 0.02 0.10 0.08 0.06 0.05 0.05 0.04 0.07
massper fuel mass (raw) a/kg 1.06 0.27 1.47 1.01 0.94 0.86 0.93 0.78 1.41
massper equivalent dry fueinass a/kg 0.97 0.27 1.43 1.00 0.86 0.73 0.85 0.70 1.22
massper fuel energy g/MJ 0.05 0.01 0.08 0.05 0.05 0.04 0.05 0.04 0.07
massper time g/hour 0.53 0.17 0.81 0.63 0.49 040 0.39 0.35 0.62
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NCOx total mass g 0.13 0.03 n.a3 0.19 0.13 0.12 0.11 0.13 0.10
massper volume of wateremaining glliter 0.03 0.01 n.a3 0.05 0.03 0.03 0.02 0.03 0.02
massper fuel mass (raw) g/kg 0.53 0.06 n.a3 0.60 0.49 0.53 0.50 0.59 0.45
massper equivalent dry fueinass g/kg 0.48 0.07 n.a3 0.60 0.45 0.45 0.46 0.52 0.39
massper fuel energy g/MJ 0.03 0.00 n.a3 0.03 0.03 0.03 0.03 0.03 0.02
massper time g/hour 0.26 0.06 n.a3 0.38 0.26 0.24 0.21 0.26 0.20

1Tests 3 and 4 rejectedue tofuel burning rates too high

2 PM s outlier rejected

3 NGO« concentration measurement failed acceptance ciigeer
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Table4. Lowmoisture fuelg emissions oDC ¢rganic carbohand EC élementalcarbor) in PM s

Parameter | Units | Average | SD [ Test1] Test2 | Test3 | Test4 | Test5| Test6| Test7 | Test8 | Test9

High-power old-start

OCtemperaturecorrected total mass mg 262 72 409 227 207 212 354 274 237 229 210
massper effective volume of wateboiled mg/liter 56.0 15.6 89.3 48.4 44.6 44.4 73.3 60.0 49.6 48.8 45.6
massper fuel mass (raw) mg/kg 403 122 516 326 278 330 661 407 440 374 297
massper equivalent dry fueinass mg/kg 512 164 651 424 339 403 865 536 550 464 375
massper fuel energy mg/MJ 28.6 9.4 35.5 23.1 185 22.0 49.0 30.4 31.2 26.3 21.3
massper useful energy delivered (to water in pof mg/MJ 118 32 167 104 91 104 176 115 116 103 87
massper time mg/hour 429 163 491 313 307 372 820 412 466 393 284

ECtemperaturecorrected total mass mg 786 148 670 530 1020 798 938 853 836 690 741
massper effective volume of water boiled mg/liter 168 31 147 113 220 167 195 187 175 147 161
massper fuel mass (raw) mg/kg 1219 318 847 760 1366 1245 1755 1270 1550 1126 1050
massper equivalent dry fueinass mg/kg 1541 412 1068 988 1667 1518 | 2295 1672 1937 1397 1326
massper fuel energy mg/MJ 86.1 23.9 | 58.3 54.0 91.0 82.9 | 130.0 | 94.7 109.8 | 79.2 75.1
massper useful enegy delivered (to water in pot)| mg/MJ 357 78 274 243 447 391 467 360 409 311 308
massper time mg/hour 1304 449 806 730 1511 | 1401 | 2176 | 1286 | 1641 | 1183 | 1003

Highpower hotstart

OCtemperaturecorrected total mass mg 291 205 210 n.al n.a? 231 700 239 245 n.a? 121
massper effective volume of water boiled mg/liter 60.9 42.1 | 449 n.al n.a? 49.3 1445 | 50.8 50.8 n.a? 25.3
massper fuel mass (raw) mg/kg 571 423 361 n.al n.a? 407 1417 484 494 n.a? 262
massper equivalat dry fuelmass mg/kg 759 564 478 n.al n.a? 505 1887 692 627 n.a? 366
massper fuel energy mg/MJ 42.7 322 | 26.1 n.al n.a? 27.6 | 107.0 | 39.2 35.6 n.a? 20.7
massper useful energy delivered (to water in pof mg/MJ 144 111 94 n.al n.a? 105 365 116 125 n.a? 60
massper time mg/hour 767 657 404 n.al n.a? 525 2083 624 648 n.a? 320

ECtemperature-corrected total mass mg 970 82 871 n.al n.a? 992 1022 993 1071 n.a? 871
massper effective volume of water boiled mg/liter 204 16 186 n.al n.a? 212 211 211 222 n.a? 182
massper fuel mass (raw) mg/kg 1894 242 | 1500 | n.al! | na2 | 1746 | 2069 | 2007 | 2160 | n.az | 1882
massper equivalent dry fuetnass mg/kg 2524 361 1985 n.al n.a? 2167 | 2755 | 2871 | 2745 n.a? 2624
massper fuel energy mg/MJ 142 23 108 n.al n.a? 118 156 163 156 n.a? 149
massper useful energy delivered (to water in pof mg/MJ 473 60 392 n.al n.a? 452 534 481 547 n.a? 430
massper time mg/hour 2448 485 1676 n.al n.a? 2252 | 3041 | 2588 | 2835 n.a? 2298

Lowpower (30minute simmer)

OCtotal mass mg 60.3 18.0 | n.a3 68.7 n.a? n.a? 59.2 43.0 55.5 44.0 91.3
massper volume of wateremaining mg/liter 14.3 4.3 n.a3 16.9 n.a? n.a? 13.8 10.2 13.0 10.4 21.5
massper fuel mass (raw) mg/kg 251 84 n.a3 221 n.a? n.a? 227 188 262 195 413
massper equivalent dry fueinass mg/kg 226 71 n.a3 220 n.a? n.a? 208 158 239 175 359
massper fuel energy mg/MJ 12.8 4.0 n.a3 12.0 n.a? n.a? 11.8 9.0 13.6 9.9 20.3
massper time mg/hour 121 36 n.a3 137 n.a? n.a? 118 86 111 88 183

ECtotal mass mg 224 53 n.a3 271 n.a? n.a? 276 205 215 243 134
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massper volume of wateremaining mg/liter 53.2 129 | n.a3 66.8 n.a2 n.a2 64.5 48.7 50.4 57.4 315
massper fuel mass (raw) mg/kg 920 177 n.a3 871 n.a2 n.a2 1061 893 1015 1075 604
massper equivalent dry fueiass mg/kg 834 171 n.a3 867 n.a2 n.a2 969 753 926 963 525
massper fuel energy mg/MJ 47.0 9.7 n.a3 47.3 n.a? n.a? 54.9 42.7 52.5 54.6 29.7
massper time mg/hour 448 105 n.a3 542 n.a? n.a? 552 409 430 485 267

1Testrejected due tdfuel burning rate too low
2Test rejected due to fuel burning rate too high

3 OC/EC outliers rejected

Tableb. Lowmoisture fuelk PV s mass fractions of organicarbonto total carbon(OC/TC)
and elemental carbon to total carbon (EC/TC)

HighPower ColdStart

HighPower HotStart

LowPower (Simmer)

Mass fraction of OC/TC

0.250

0.231

0.212

Mass fraction of EC/TC

0.750

0.769

0.788
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Table6. Lowmoisture fuel; emissions oBC black carbojhmeasured with aethalometer

Parameter | Units [ Average| SD | Test1] Test2| Test3] Test4] Test5] Test6] Test7 ] Test8| Tes 9

High-power old-start

BCtemperature-corrected total mass mg 760 144 676 596 1055 858 860 741 738 617 699
massper effective volume of water boiled mg/liter 162 30 148 127 227 180 178 163 154 131 152
massper fuel mass (raw) mg/kg 1171 269 854 855 1412 1339 1608 1103 1369 1006 991
massper equivalent dry fueinass mg/kg 1479 341 1077 1111 1723 1632 2102 1452 1711 1249 1251
massper fuel energy mg/MJ 82.5 195 58.8 60.7 94.1 89.1 119.1 | 823 97.0 70.8 70.9
massper useful energy delivered (to water in pof mg/MJ 345 75 276 273 463 421 428 312 361 278 291
massper time mg/hour 1252 400 813 821 1562 1507 1994 1117 1449 1057 947

Highpower hotstart

BCtemperature-corrected total mass mg 705 98 590 n.al n.a? n.a3 852 648 704 n.a3 729
massper effective volume of water boiled mg/liter 148 19 126 n.al n.a? n.a3 176 137 146 n.a3 152
massper fuel mass (raw) mg/kg 1409 270 1016 n.al n.a? n.a3 1725 | 1309 | 1421 n.a3 1576
massper equivalent dry fuetnass mg/kg 1904 376 1345 n.al n.a? n.as 2297 | 1873 | 1805 n.as 2198
massper fuel energy mg/MJ 107 22 73 n.al n.a? n.as 130 106 102 n.as 125
massper useful energy delivered (to water in pof mg/MJ 349 66 266 n.al n.a? n.as 445 314 360 n.as 360
massper time mg/hour 1830 503 1136 n.al n.a? n.as 2536 | 1688 | 1865 n.as 1925

Lowpower (30minute simmer)

BCtotal mass mg 128 37 180 167 n.a? n.a? 123 97 104 n.a3 98
massper volume ofwater remaining mg/liter 31 9 43 41 n.a? n.a? 29 23 24 n.a3 23
massper fuel mass (raw) mg/kg 503 83 651 538 n.a? n.a? 472 423 491 n.as 444
massper equivalent dry fuetnass mg/kg 465 103 633 535 n.a? n.a? 432 356 448 n.as 386
massper fuel energy mg/MJ 26.0 5.2 34.6 29.2 n.a? n.a? 24.5 20.2 25.4 n.as 21.9
massper time mg/hour 256 73 359 335 n.a? n.a? 246 194 208 n.as 197

1Testrejected due to fuel burning rate too low
2Test rejected due to fuel burnimgte too high
3 BC aethalometer attenuation exceeded limit
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Table7. Highrmoisture fuel, igh-power coldstart ¢ WBT, PMs, and gaseous pollutant parameters

Parameter Units Average | SD | Test2 | Test4 | Testb
Fuel moistire (wet basis) % 16.7 0.8 16.7 15.9 175
Fuel consumed (raw) g 887 99 777 970 913
Equivalent dry fuel consumed g 649 66 577 707 664
Time to boil 5 liters of water, 25 to 100°C min 50.31 7.81 42.17 57.75 51.00
Thermal efficiency % 20.5 0.3 20.2 20.4 20.7
Fuel lurning rate equivalent dry fuel basis g/min 13.0 0.7 13.7 12.2 13.0
Temperaturecorrected specific fuel consumption glliter 133 17 113 145 140
Temperaturecorrected specific energy use kJ/liter 2428 312 2072 2654 2559
Fire power W 3964 220 4179 3739 3974
Cooking power W 811 43 846 762 824
Modified combustion efficiency % 97.1 0.3 97.1 97.3 96.8
PM. s temperaturecorrected total mass mg 1328 92 1222 1377 1385
massper effective volume of water boiled mg/liter 286 27 255 302 302
massper fuel mass (raw) mg/kg 1589 78 1674 1519 1574
massper equivalent dry fueinass mg/kg 2167 84 2252 2084 2164
massper fuel energy mg/MJ 118 5 123 114 118
massper useful energy delivered (to water in pof mg/MJ 578 26 607 558 570
massper time mg/hour 1691 159 1850 1531 1690
COtemperaturecorrected total mass g 20 2 18 19 23
massper effective volume of water boiled glliter 4.31 0.60 3.84 4.10 4.98
massper fuel mass (raw) g/kg 23.9 2.9 25.2 20.6 25.9
massper equivalent dry fueinass g/kg 32.6 3.8 33.9 28.3 35.6
massper fuel energy g/MJ 1.78 0.21 1.85 1.54 1.94
massper useful energy delivered (to water in pol g/MJ 8.70 0.98 9.15 7.57 9.38
massper time g/hour 25.5 4.1 27.9 20.8 27.8
CQ temperature-corrected total mass g 1032 64 958 1068 1070
massper effective volume of water boiled glliter 222 20 200 234 233
massper fuel mass (raw) g/kg 1235 69 1312 1178 1216
massper equvalent dry fueimass g/kg 1684 76 1766 1616 1672
massper fuel energy g/MJ 92 4 96 88 91
massper useful energy delivered (to water in pof g/MJ 450 23 476 433 440
massper time g/hour 1314 131 1450 1188 1306
THC(as GHs) temperature-corrected total mass g 2.43 0.24 2.70 2.33 2.26
massper effective volume of water boiled glliter 0.52 0.04 0.56 0.51 0.49
massper fuel mass (raw) g/kg 2.94 0.65 3.70 2.57 2.56
massper equivalent dry fueinass g/kg 4.01 0.84 4.97 3.53 3.52
massper fuel energy g/MJ 0.22 0.05 0.27 0.19 0.19
massper useful energy delivered (to water in pof g/MJ 1.07 0.23 1.34 0.94 0.93
massper time g/hour 3.14 0.82 4.09 2.59 2.75
CH temperature-corrected toal mass g 0.48 0.05 0.42 0.50 0.50
massper effective volume of water boiled glliter 0.10 0.01 0.09 0.11 0.11
massper fuel mass (raw) g/kg 0.57 0.01 0.58 0.55 0.57
massper equivalent dry fueinass g/kg 0.77 0.01 0.78 0.76 0.78
massper fuel energy g/MJ 0.042 | 0.001| 0.043 0.041 0.043
massper useful energy delivered (to water in pof g/MJ 0.207 | 0.003| 0.210 0.203 0.206
massper time g/hour 0.60 0.04 0.64 0.56 0.61
NOx temperature-corrected total mass g 0.46 0.05 0.40 0.48 0.49
massper effective volume of water boiled glliter 0.10 0.01 0.08 0.11 0.11
massper fuel mass (raw) g/kg 0.55 0.01 0.55 0.53 0.56
massper equivalent dry fueinass g/kg 0.75 0.02 0.74 0.73 0.77
massper fuel energy g/MJ 0.041 | 0.001| 0.041 0.040 0.042
massper useful energy delivered (to water in po{ g/MJ 0.199 | 0.004| 0.201 0.195 0.202
massper time g/hour 0.58 0.04 0.61 0.53 0.60

1Tests 1 and 3 not included due to testing errors
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Table8. Highrmoaisture fuel, iIgh-power hotstart ¢ WBT, PMs, and gaseous pollutant parameters

Parameter Units Average SD Test1 Test 2 Test3
Fuel moisture (wet basis) % 16.7 0.5 16.4 16.5 17.3
Fuel consumed (raw) g 666 48 719 651 627
Equivalent dry fuel consumed g 477 21 499 477 456
Time to boil 5 liters of water, 25 to 100°C min 24.81 1.29 26.25 23.75 24.42
Thermal efficiency % 24.1 0.7 23.5 23.9 24.8
Fuel lurning rate equivalent dry fuel basis g/min 19.2 0.7 19.0 20.1 18.7
Temperaturecorrected specific fuel consumption glliter 93.3 4.5 98.0 92.6 89.1
Temperaturecorrected specific energyse kJ/liter 1708 82 1796 1697 1632
Fire power W 5875 223 5798 6127 5700
Cooking power W 1413 52 1360 1464 1414
Modified combustia efficiency % 98.0 0.3 98.3 97.6 98.1
PM. s temperaturecorrected total mass mg 927 187 726 1095 960
massper effective volume of water boiled mg/liter 192 38 151 227 199
massper fuel mass (raw) mg/kg 1496 378 1070 1791 1626
massper equivalent dry fueinass mg/kg 2075 473 1543 2448 2236
massper fuel energy mg/MJ 113 26 84 134 122
massper useful energy delivered (to water in pof mg/MJ 470 102 359 559 492
massper time mg/hour 2403 601 1758 2947 2506
COtemperaturecorrected total mass g 9.53 1.92 8.61 11.73 8.25
massper effective volume of water boiled glliter 1.98 0.39 1.79 2.43 1.71
massper fuel mass (raw) g/kg 15.3 3.5 12.7 19.2 14.0
massper equivalent dry fueinass g/kg 21.2 4.3 18.3 26.2 19.2
massper fuel energy g/MJ 1.16 0.24 1.00 1.43 1.05
massper useful energy delivered (to water in pof  g/MJ 4.82 1.01 4.25 5.99 4.22
massper time g/hour 24.6 6.0 20.8 31.6 215
CQ temperature-corrected total mass g 734 51 768 759 675
massper effective volume of water boiled glliter 152 11 160 157 140
massper fuel mass (raw) g/kg 1172 61 1131 1242 1143
massper equivalent dry fueinass g/kg 1633 63 1631 1697 1571
massper fuel energy g/MJ 89 3 89 93 86
massper useful energy delivered (to water in pol  g/MJ 371 22 380 388 346
massper time g/hour 1887 143 1858 2043 1761
THC(as GHsg) temperature-corrected total mass g 1.30 0.73 0.69 2.12 1.10
massper effective volume of water boiled glliter 0.27 0.15 0.14 0.44 0.23
massper fuel mass (raw) g/kg 2.12 1.24 1.02 3.46 1.86
massper equivalent dry fueinass g/kg 2.92 1.66 1.47 4.73 2.56
massper fuel energy g/MJ 0.16 0.09 0.08 0.26 0.14
massper useful energy delivered (to water in pof g/MJ 0.66 0.38 0.34 1.08 0.56
massper time g/hour 3.42 2.07 1.68 5.70 2.87
CH temperature-corrected total mass g 0.19 0.13 0.09 0.34 0.15
massper effedive volume of water boiled glliter 0.04 0.03 0.02 0.07 0.03
massper fuel mass (raw) g/kg 0.31 0.22 0.13 0.56 0.25
massper equivalent dry fueinass g/kg 0.43 0.30 0.18 0.76 0.34
massper fuel energy g/MJ 0.02 0.02 0.01 0.04 0.02
massper useful energy delivered (to water in pof g/MJ 0.10 0.07 0.04 0.17 0.08
massper time g/hour 0.50 0.37 0.21 0.92 0.38
NOx temperature-corrected total mass g 0.30 0.03 0.33 0.29 0.27
massper effective volume of wateboiled glliter 0.06 0.01 0.07 0.06 0.06
massper fuel mass (raw) g/kg 0.47 0.02 0.49 0.48 0.45
massper equivalent dry fueinass g/kg 0.66 0.05 0.71 0.65 0.62
massper fuel energy g/MJ 0.036 0.002 0.039 0.035 0.034
massper useful energy delivered (to water in po{ g/MJ 0.15 0.01 0.16 0.15 0.14
massper time g/hour 0.76 0.06 0.81 0.78 0.69

24




Table9. High-moisture fuel,dw-power (30-min simmer), WBTand pollutant emissiorparameters

Pamameter Units Average SD Test1 Test 2 Test 3
Fuel moisture (wet basis) % 18.0 4.4 14.2 16.8 22.8
Fuel consumed (raw) g 350 47 297 388 364
Equivalent dry fuel consumed g 306 31 302 338 276
Fuel lurning rate equivalent dry fuel basis g/min 10.2 1.0 10.0 11.2 9.2
Secific fuel consumption g/liter 73.2 7.9 72.4 81.5 65.7
Soecific energyse kJ/liter 1341 145 1327 1493 1203
Fire power wW 3101 307 3064 3424 2813
Modified combustion efficiency % 95.9 0.8 95.6 95.2 96.8
PM, s total mass mg 568 144 465 733 506
massper volume of wateremaining mg/liter 136 35 111 177 120
massper fuel mass (raw) mg/kg 1615 255 1564 1891 1390
massper equivalent dry fueinass mg/kg 1846 315 1538 2167 1831
massper fuel energy mg/MJ 101 17 84 118 100
massper time mg/hour 1132 286 927 1459 1012
COtotal mass g 15.4 4.3 16.1 19.2 10.8
massper volume of wateremaining glliter 3.68 1.05 3.86 4.63 2.56
massper fuel mass (raw) g/kg 44.5 13.1 54.2 49.6 29.6
massper equivalent dry fueinass g/kg 49.7 9.5 53.3 56.8 39.0
massper fuel energy g/MJ 2.71 0.52 2.91 3.10 2.12
massper time g/hour 30.6 8.5 32.1 38.2 215
CQ total mass g 554 43 556 596 509
massper volume of wateremainirg glliter 133 11 133 144 121
massper fuel mass (raw) g/kg 1602 242 1870 1537 1399
massper equivalent dry fueinass g/kg 1815 46 1840 1761 1843
massper fuel energy g/MJ 99 3 100 96 101
massper time g/hour 1104 83 1108 1185 1019
THC(as GHg) total mass g 0.80 0.15 0.93 0.85 0.63
massper volume of wateremaining glliter 0.19 0.04 0.22 0.21 0.15
massper fuel mass (raw) g/kg 2.35 0.71 3.12 2.20 1.73
massper equivalent dry fueinass g/kg 2.62 0.40 3.06 2.53 2.28
massper fuel energy g/MJ 0.14 0.02 0.17 0.14 0.12
massper time g/hour 1.60 0.31 1.85 1.70 1.26
CH total mass g 0.15 0.05 0.20 0.17 0.09
massper volume of wateremaining glliter 0.04 0.01 0.05 0.04 0.02
massper fuel mass (raw) a/kg 0.45 0.21 0.66 0.43 0.25
massper equivalent dry fueinass a/kg 0.49 0.16 0.65 0.50 0.33
massper fuel energy g/MJ 0.03 0.01 0.04 0.03 0.02
massper time g/hour 0.30 0.11 0.39 0.33 0.18
NOx total mass g 0.22 0.01 0.22 0.22 0.20
massper volume of wateremaining glliter 0.052 0.003 0.054 0.053 0.048
massper fuel mass (raw) g/kg 0.63 0.11 0.75 0.57 0.55
massper equivalent dry fueinass a/kg 0.71 0.05 0.74 0.65 0.73
massper fuel energy g/MJ 0.039 0.003 0.040 0.036 0.040
massper time g/hour 0.43 0.02 0.45 0.44 0.40
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Tablel0. Highrmoisture fuek emissions oPM, s OC ¢rganic carbohand EC ¢lemental carboh

Parameter | Units | Average| SD | Test1] Test2| Test3]| Test4]| Test5

High-power old-start

OCtemperaturecorrected total mass mg 501 98 n.al 410 n.al 604 488
massper effective volume of water boiled mg/liter 108 24 n.al 86 n.al 133 107
massper fuel mass (raw) mg/kg 595 63 n.al 562 n.al 667 555
massper equivalent dry fueinass mg/kg 811 90 n.al 756 n.al 915 763
massper fuel energy mg/MJ 44.3 4.9 n.al 41.3 n.al 49.9 41.6
massper useful energy delivered (to watar pot) mg/MJ 217 25 n.al 204 n.al 245 201
massper time mg/hour 630 39 n.al 621 n.al 672 596

ECtemperature-corrected total mass mg 489 85 n.al 519 n.al 393 555
massper effective volume of water boiled mg/liter 105 18 n.al 108 n.al 86 121
massper fuel mass (raw) mg/kg 592 143 n.al 711 n.al 434 631
massper equivalent dry fueinass mg/kg 807 188 n.al 957 n.al 595 868
massper fuel energy mg/MJ 44.0 10.3 n.al 52.2 n.al 325 47.3
massper useful energy delivered (to water in potf mg/MJ 215 51 n.al 258 n.al 159 228
massper time mg/hour 634 178 n.al 786 n.al 438 678

Highpower hotstart

OCtemperaturecorrected total mass mg 205 113 97 323 194 n.a? n.a?
massper effective volume of water boiled mg/liter 42.4 23.4 20.1 66.8 40.3 n.a? n.a?
massper fuel mass (raw) mg/kg 333 193 143 528 329 n.a? n.a?
massper equivalent dry fueinass mg/kg 460 258 205 722 453 n.a? n.a?
massper fuel enegy mg/MJ 25.1 14.1 11.2 39.4 24.7 n.a? n.a?
massper useful energy delivered (to water in pof mg/MJ 104 59 48 165 100 n.a? n.a?
massper time mg/hour 537 318 234 869 507 n.a? n.a?

ECtemperature-corrected total mass mg 639 81 552 714 652 n.a? n.a?
massper effective volume of water boiled mg/liter 133 17 115 148 135 n.a? n.a?
massper fuel mass (raw) mg/kg 1028 189 814 1167 1104 n.a? n.a?
massper equivalent dry fueinass mg/kg 1429 225 1173 | 1595 | 1517 n.a? n.a?
massper fuel energy mg/MJ 77.9 12.3 | 64.0 87.0 82.8 n.a? n.a?
massper useful energy delivered (to water in pof mg/MJ 324 47 273 364 334 n.a? n.a?
massper time mg/hour 1652 295 1337 | 1921 | 1700 n.a? n.a?

Lowpower (30minute simmer)

OCtotal mass mg 156 a7 161 200 107 n.a? n.a?
massper volume of wateremaining mg/liter 37.5 114 | 38.6 48.3 25.5 n.a? n.a?
massper fuel mass (raw) mg/kg 452 136 542 517 295 n.a? n.a?
massper equivalent dry fuemass mg/kg 505 105 534 593 389 n.a? n.a?
massper fuel energy mg/MJ 27.5 5.7 29.1 32.3 21.2 n.a? n.a?
massper time mg/hour 312 92 321 399 215 n.a? n.a?

ECtotal mass mg 269 61 206 329 271 n.a? n.a?
massper volume of wateremaining mg/liter 64.4 14.9 49.5 79.3 64.5 n.a? n.a?
massper fuel mass (raw) mg/kg 763 78 695 849 746 n.a2 n.a2
massper equivalent dry fueinass mg/kg 879 170 684 972 982 n.a? n.a?
massper fuel erergy mg/MJ 48.0 9.2 37.3 53.0 53.6 n.a? n.a?
massper time mg/hour 536 121 412 654 543 n.a? n.a?

1Tests 1 and 3 not included due to testing errors
2Tests 4 and 5 highower coldstart test phase only

Tablell. Highrmoisture fuelg PMk s mass fractions of organic carbon to total carbon (OC/TC)
and elemental carbon to total carbon (EC/TC)

HighPower ColeStart HighPower HotStart LowPower (Simmer)
Mass fraction of OC/TC 0.709 0.341 0.747
Mass fraction of EC/TC 0.291 0.659 0.253
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Tablel2. Highrmoisture fuek emissions oBC plack carbohmeasured with aethalometer

Parameter | Units | Average | SD [ Test1] Test2| Test3| Test4]| Test5

High-power old-start

BCtemperature-corrected total mass mg 575 57 n.al 571 n.al 520 634
massper effective volume of water boiled mg/liter 124 13 n.al 119 n.al 114 138
massper fuel mass (raw) mg/kg 692 107 n.al 782 n.al 574 721
massper equivalent dry fueinass mg/kg 944 139 n.al 1052 n.al 788 991
massper fuel energy mg/MJ 51.5 7.6 n.al 57.4 n.al 43.0 54.1
massper useful energy delivered (to water in pof mg/MJ 252 37 n.al 284 n.al 211 261
massper time mg/hour 739 146 n.al 864 n.al 579 774

High-power hotstart

BCtemperature-corrected total mass mg 616 37 575 647 625 n.a2 n.a2
massper effective volume of water boiled mg/liter 128 7 120 134 130 n.a2 n.a2
massper fuel mass (raw) mg/kg 988 122 847 1058 | 1058 n.a2 n.a2?
massper equivalent dry fueinass mg/kg 1374 132 1222 1446 1455 n.a2 n.a2
massper fuel energy mg/MJ 75.0 7.2 66.6 78.9 79.4 n.a2 n.a2
massper useful energy delivered (to water in pof mg/MJ 312 24 284 330 320 n.a2 n.a2
massper time mg/hour 1588 178 1392 | 1741 | 1630 n.a? n.a?

Lowpower (30minute simmer)

BCtotal mass mg 244 67 187 226 318 n.a? n.a?
massper volume of wateremaining mg/liter 58.3 15.7 44.8 54.5 75.5 n.a? n.a?
massper fuelmass (raw) mg/kg 695 156 628 584 873 n.a? n.a?
massper equivalent dry fueinass mg/kg 813 293 618 669 1150 n.a? n.a?
massper fuel energy mg/MJ 44.3 16.0 | 33.7 36.5 62.7 n.a? n.a?
massper time mg/hour 486 135 372 450 636 n.a? n.a?

1Tests 1 and 3 not included due to testing errors
2Tests 4 and 5 highower coldstart test phase only
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Tablel3. Tests with griddle olw-moisture fuel, higipower coldstart ¢ WBT, PMls, and gaseous pollutant paraness

Parameter Units Average | SD Test 1 Test 2 Test 3 Test 4 Test5 Test6 | Test8 Test 9
Fuel moisture (wet basis) % 7.8 0.9 6.5 6.6 6.9 8.4 8.4 8.4 8.4 8.4
Fuel consumed (raw) g 965 57 931 909 1047 926 951 1025 908 1024
Equivalent dry fuel consumed g 758 39 754 737 810 713 735 773 722 818
Time to boil 5 liters of water, 25 to 100 min 44.31 3.20 | 46.67 43.22 44.80 41.48 39.70 43.12 45.47 50.02
Thermal efficiency % 16.4 0.4 16.1 16.1 17.1 16.4 16.7 16.8 15.8 16.2
Fuel lurning rate equivalent dry fuebasis g/min 17.1 1.0 16.1 17.0 18.1 17.2 185 17.9 15.9 16.4
Temperaturecorrected specific fuel consumption glliter 265 27 248 239 253 238 263 274 312 296
Temperaturecorrected specific energyse kJ/liter 4819 489 4499 4345 4597 4320 4775 4980 5668 5370
Fire power w 5186 293 4886 5158 5470 5196 5601 5424 4807 4949
Cooking power w 851 69 786 830 933 853 936 912 759 803
Modified combustion efficiency % 98.0 0.3 97.8 97.9 98.4 98.1 98.4 98.3 97.4 97.8
PM, s temperaturecorrected total mass mg 2083 115 1927 2138 2001 2008 2143 2174 2002 2268
massper effective volume of water boiled mg/liter 593 47 533 587 541 553 614 629 630 657
massper fuel mass (raw) mg/kg 1760 114 1741 1988 1655 1786 1804 1728 1605 1776
massper equivalendry fuelmass mg/kg 2241 137 2150 2453 2138 2322 2335 2292 2018 2222
massper fuel energy mg/MJ 123 8 118 135 118 128 129 126 111 122
massper useful energy delivered (to water in poij mg/MJ 753 46 736 840 690 778 769 751 704 754
massper time mg/hour 2309 229 2084 2509 2319 2393 2593 2465 1924 2181
COtemperaturecorrected total mass g 23 5 24 23 18 20 18 19 32 29
massper effective volume of water boiled glliter 6.54 1.79 6.66 6.18 4.92 5.54 5.08 5.50 10.01 8.41
massper fuel mass (raw) g/kg 19.2 4.1 21.8 20.9 15.0 17.9 14.9 15.1 25.5 22.7
massper equivalent dry fueinass g/kg 24.4 4.7 26.9 25.8 19.4 23.3 19.3 20.0 32.1 28.4
massper fuel energy g/MJ 1.34 0.26 1.48 1.42 1.07 1.28 1.06 1.10 1.77 1.57
massper useful energy delivered (to water in pof g/MJ 8.24 1.79 9.19 8.84 6.28 7.81 6.36 6.57 11.19 9.65
massper time g/hour 24.9 3.4 26.0 26.4 21.1 24.0 21.4 21.6 30.6 27.9
CQ temperaturecorrected total mass g 1749 127 1689 1635 1743 1653 1669 1711 1907 1982
massper effective volume of water boiled glliter 499 57 467 449 472 455 478 495 600 575
massper fuel mass (raw) g/kg 1476 69 1527 1520 1441 1470 1405 1360 1529 1553
massper equivalent drfuel mass g/kg 1878 49 1885 1876 1862 1911 1818 1804 1922 1942
massper fuel energy g/MJ 103 3 104 103 103 105 100 99 106 107
massper useful energy delivered (to water in pol g/MJ 631 30 645 642 601 641 599 591 670 659
massper time g/hour 1929 74 1827 1919 2020 1970 2020 1941 1832 1906
THC(as GHs) temperature-corrected total mass g 2.08 0.23 2.30 1.79 2.07 2.06 1.76 2.36 2.00 2.29
massper effective volume of water boiled glliter 0.59 0.07 0.64 0.49 0.56 0.57 0.50 0.68 0.63 0.66
massper fuel mass (raw) g/kg 1.76 0.18 2.08 1.66 1.71 1.83 1.48 1.88 1.61 1.79
massper equivalent dry fueinass g/kg 2.23 0.23 2.57 2.05 2.21 2.38 1.92 2.49 2.02 2.24
massper fuel energy g/MJ 0.12 0.01 0.14 0.11 0.12 0.13 0.11 0.14 0.11 0.12
massper useful energy delivered (to water in pof  g/MJ 0.75 0.08 0.88 0.70 0.71 0.80 0.63 0.82 0.70 0.76
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massper time g/hour 2.30 0.25 2.49 2.10 2.40 2.45 2.13 2.68 1.93 2.20
CH temperature-corrected totd mass g 0.46 0.07 0.55 0.37 0.45 0.38 0.38 0.53 0.46 0.53
massper effective volume of water boiled glliter 0.13 0.02 0.15 0.10 0.12 0.10 0.11 0.15 0.14 0.15
massper fuel mass (raw) a/kg 0.38 0.06 0.50 0.35 0.37 0.34 0.32 0.42 0.37 0.42
massper equivalent dry fueinass a/kg 0.49 0.07 0.61 0.43 0.48 0.44 0.42 0.56 0.46 0.52
massper fuel energy g/MJ 0.027 | 0.004| 0.034 0.024 0.026 0.024 0.023 0.031 0.025 0.029
massper useful energy delivered (to water in pof  g/MJ 0.16 0.02 0.21 0.15 0.15 0.15 0.14 0.18 0.16 0.18
massper time g/hour 0.50 0.07 0.59 0.44 0.52 0.45 0.46 0.61 0.44 0.51
NOx temperature-corrected total mass g 0.88 0.07 0.84 0.79 0.88 0.82 0.83 0.89 0.99 0.96
massper effective volure of water boiled glliter 0.25 0.03 0.23 0.22 0.24 0.22 0.24 0.26 0.31 0.28
massper fuel mass (raw) a/kg 0.74 0.03 0.76 0.74 0.73 0.73 0.70 0.71 0.79 0.76
massper equivalent dry fueinass g/kg 0.94 0.03 0.94 0.91 0.94 0.94 0.91 0.94 0.9 0.94
massper fuel energy g/MJ 0.052 | 0.001| 0.052 0.050 0.052 0.052 0.050 0.052 0.055 0.052
massper useful energy delivered (to water in pof  g/MJ 0.32 0.01 0.32 0.31 0.30 0.32 0.03 0.31 0.35 0.32
massper time g/hour 0.96 0.04 0.91 0.93 1.02 0.97 1.01 1.01 0.95 0.93

1Test7 rejecteddue to carbon balance out of limits
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Tablel4. Tests with griddle olw-moisture fuel, higkpower hotstart ¢ WBT, PMs, and gaseous pollutant parameters

Parameter Units Average | SD | Test2 | Test3 | Test4 | Test5 | Test6 | Test7 | Test8 | Test9
Fuel moisture (wet basis) % 8.0 0.8 6.6 6.9 8.4 8.4 8.4 8.4 8.4 8.4
Fuel consumed (raw) g 750 64 835 748 721 786 800 650 785 674
Equivalent dry fuel consumed g 557 64 667 532 525 584 567 470 610 499
Time to boil 5 liters of water, 25 to 100°C min 28.36 2.23 | 30.70 27.75 27.07 29.05 | 29.57 24.57 31.32 26.85
Thermal efficiency % 19.8 1.2 18.9 21.7 19.9 19.6 20.9 20.3 17.7 19.6
Fuel lurning rate equivalent dry fuel basis g/min 19.6 1.0 21.7 19.2 194 20.1 19.2 19.1 195 18.6
Temperaturecorrected specific fuel consumption glliter 201 27 169 171 186 218 227 194 247 198
Temperaturecorrected specific energyse kJ/liter 3653 493 3076 3108 3378 3953 4115 3528 4475 3588
Fire power w 5931 290 6576 5805 5871 6082 5803 5793 5894 5628
Cooking power w 1174 71 1244 1258 1166 1190 1213 1178 1046 1102
Modified combustion efficiency % 97.9 0.4 98.1 97.7 97.7 98.4 98.4 98.2 97.3 97.5
PM, s temperaturecorrected total mass mg 1987 252 1959 2230 2101 2145 2005 1895 2138 1426
massper effective volume of water boiled mg/liter 552 77 465 581 580 609 593 552 631 408
massper fuel mass (raw) mg/kg 2048 272 2194 2416 2268 2078 1854 2054 1991 1528
massper equivalent dry fuetnass mg/kg 2766 393 2744 3395 3114 2795 2615 2838 2561 2063
massper fuel energy mg/MJ 152 22 151 187 172 154 144 156 141 114
massper useful energy delivered (to water in pof mg/MJ 768 94 799 863 864 787 689 769 795 581
massper time mg/hour 3256 495 3578 3908 3626 3372 3010 3260 2994 2302
COtemperaturecorrected total mass g 18.0 4.6 14.7 19.4 18.8 13.7 14.7 14.0 26.9 21.3
massper effective volume of water boiled glliter 5.01 1.45 3.48 5.06 5.19 3.90 4.34 4.08 7.95 6.10
massper fuel mass (raw) g/kg 18.5 4.4 16.4 21.0 20.3 13.3 13.6 15.2 25.1 22.9
massper equivalent dry fueinass g/kg 24.9 5.8 20.5 29.6 27.9 17.9 19.1 21.0 32.2 30.9
massper fuel energy g/MJ 1.37 0.32 1.13 1.63 154 0.99 1.05 1.16 1.78 1.70
massper useful energy delivered (to water in pof g/MJ 6.96 1.82 5.98 7.52 7.74 5.04 5.05 5.69 10.01 8.69
massper time g/hour 29.2 6.3 26.8 34.0 32.5 21.6 22.0 24.1 37.7 34.5
CQ temperaturecorrected total mass g 1317 115 1176 1294 1239 1344 1405 1234 1541 1305
massper effective volume of water boiled glliter 368 53 279 337 342 381 415 359 455 373
massper fuel mass (raw) g/kg 1354 51 1317 1402 1337 1302 1299 1338 1435 1399
massper equinalent dry fuelmass g/kg 1827 95 1647 1970 1836 1751 1832 1848 1846 1888
massper fuel energy g/MJ 101 5 91 109 101 96 101 102 102 104
massper useful energy delivered (to water in pof g/MJ 509 31 480 501 509 493 483 501 573 531
massper time g/hour 2145 53 2148 2268 2138 2112 2108 2124 2158 2107
THC(as GHs) temperature-corrected total mass g 1.92 0.53 1.53 2.28 2.89 1.74 1.25 1.80 2.31 1.56
massper effective volume of water boiled glliter 0.53 0.15 0.36 0.59 0.80 049 0.37 0.52 0.68 0.45
massper fuel mass (raw) g/kg 1.99 0.60 1.71 2.47 3.12 1.68 1.16 1.95 2.15 1.67
massper equivalent dry fueinass g/kg 2.69 0.84 2.14 3.46 4.29 2.27 1.63 2.69 2.77 2.25
massper fuel energy g/MJ 0.15 0.05 0.12 0.19 0.24 0.12 0.09 0.15 0.15 0.12
massper useful energy delivered (to water in pof g/MJ 0.75 0.23 0.62 0.88 1.19 0.64 0.43 0.73 0.86 0.63
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massper time g/hour 3.15 0.96 2.79 3.99 4.99 2.73 1.88 3.09 3.23 2.52
CH temperature-corrected total mass g 0.42 0.12 0.36 0.52 0.63 0.37 0.25 0.41 0.49 0.34
massper effective volume of water boiled glliter 0.12 0.03 0.09 0.14 0.17 0.11 0.08 0.12 0.15 0.10
massper fuel mass (raw) a/kg 0.44 0.14 0.41 0.56 0.68 0.36 0.24 0.45 0.46 0.36
massper equivalent dry fueinass a/kg 0.59 0.19 0.51 0.79 0.93 0.48 0.33 0.62 0.59 0.49
massper fuel energy g/MJ 0.03 0.01 0.03 0.04 0.05 0.03 0.02 0.03 0.03 0.03
massper useful energy delivered (to water in pof  g/MJ 0.17 0.05 0.15 0.20 0.26 0.14 0.09 0.17 0.18 0.14
massper time g/hour 0.70 0.22 0.66 0.91 1.09 0.58 0.38 0.71 0.69 0.55
NOx temperature-corrected total mass g 0.67 0.06 0.59 0.66 0.62 0.70 0.73 0.61 0.78 0.67
massper effective volumef water boiled glliter 0.19 0.03 0.14 0.17 0.17 0.20 0.22 0.18 0.23 0.19
massper fuel mass (raw) a/kg 0.69 0.03 0.66 0.72 0.67 0.68 0.67 0.67 0.73 0.71
massper equivalent dry fueinass a/kg 0.93 0.05 0.83 1.01 0.92 0.91 0.95 0.92 0.93 0.96
massper fuel energy g/MJ 0.051 | 0.003| 0.046 | 0.056 0.051 0.050 | 0.052 0.051 0.051 0.053
massper useful energy delivered (to water in pof  g/MJ 0.26 0.02 0.24 0.26 0.26 0.26 0.25 0.25 0.29 0.27
massper time g/hour 1.09 0.03 1.08 1.16 1.07 1.10 1.10 1.06 1.09 1.07

1Test 1 higkpower coldstart test phase only
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Tablel5. Tests with griddle olw-moisture fuel, lowpower (30-min simmer); WBTand pollutant emissioparameters

Parameter Units Average SD Test2 | Test# | Test5 | Test6 | Test7 | Test8 | Test9
Fuel moisture (wet basis) % 8.2 0.7 6.6 8.4 8.4 8.4 8.4 8.4 8.4
Fuel consumed (raw) g 411 40 375 426 472 450 393 359 405
Equivalent dry fuel consumed g 407 36 382 401 440 463 384 359 418
Fuel lurningrate, equivalent dry fuel basis g/min 13.6 1.2 12.7 13.4 14.7 154 12.8 12.0 13.9
Secific fuel consumption g/liter 105 12 98 101 117 124 97 90 104
Soecific energyse kJ/liter 1900 218 1788 1839 2129 2258 1755 1640 1893
Fire power W 4102 365 3851 4045 4438 4672 3872 3624 4212
Modified combustion efficiency % 97.0 0.8 95.4 97.7 97.6 97.0 97.4 96.9 96.7
PM, s total mass mg 567 125 537 581 715 719 426 404 586
massper volume of wateremaining mg/liter 146 36 138 147 191 193 107 102 146
massper fuel mass (raw) mg/kg 1367 193 1431 1365 1515 1598 1084 1125 1448
massper equivalent dry fueinass mg/kg 1382 198 1406 1449 1625 1553 1108 1126 1404
massper fuel energy mg/MJ 76.1 10.9 77.5 79.8 89.5 85.5 61.1 62.0 77.3
massper time mg/hour 1134 249 1074 1163 1430 1439 851 809 1173
COtotal mass g 13.2 3.0 18.8 9.9 11.6 13.8 11.1 12.3 14.9
massper volume of wateremaining glliter 3.39 0.78 4.84 2.51 3.08 3.70 2.79 3.10 3.72
massper fuel mass (rajv g/kg 32.5 9.1 50.0 234 24.5 30.6 28.2 34.3 36.8
massper equivalent dry fueinass o/kg 32.7 8.2 49.1 24.8 26.3 29.8 28.8 34.3 35.7
massper fuel energy g/MJ 1.80 0.45 2.71 1.37 1.45 1.64 1.59 1.89 1.97
massper time g/hour 264 5.9 37.5 19.9 23.1 27.6 22.1 24.6 29.8
CQ total mass g 667 48 613 673 737 703 663 600 684
massper volume of wateremaining glliter 172 16 158 170 196 189 167 151 171
massper fuel mass (raw) a/kg 1626 58 1633 1581 1560 1562 1688 1663 1689
massper equivalent dry fueinass g/kg 1644 67 1605 1679 1674 1517 1726 1669 1638
massper fuel energy g/MJ 91 4 88 92 92 84 95 92 90
massper time g/hour 1335 96 1226 1347 1473 1406 1326 1199 1368
THC(as GHg) total mas g 0.38 0.11 0.60 0.33 0.31 0.30 0.31 0.47 0.37
massper volume of wateremaining glliter 0.10 0.03 0.16 0.08 0.08 0.08 0.08 0.12 0.09
massper fuel mass (raw) a/kg 0.96 0.36 1.60 0.77 0.65 0.66 0.79 1.31 0.91
massper equivalat dry fuelmass a/kg 0.96 0.35 1.57 0.82 0.70 0.65 0.81 1.31 0.89
massper fuel energy g/MJ 0.05 0.02 0.09 0.04 0.04 0.04 0.04 0.07 0.05
massper time g/hour 0.77 0.23 1.20 0.65 0.62 0.60 0.62 0.94 0.74
CH total mass g 0.12 0.04 0.20 0.10 0.09 0.08 0.11 0.16 0.12
massper volume of wateremaining g/liter 0.03 0.01 0.05 0.02 0.03 0.02 0.03 0.04 0.03
massper fuel mass (raw) a/kg 0.31 0.13 0.53 0.23 0.20 0.18 0.28 0.43 0.30
massper equivalent dry fueinass a/kg 0.31 0.12 0.52 0.24 0.21 0.18 0.29 0.43 0.29
massper fuel energy g/MJ 0.02 0.01 0.03 0.01 0.01 0.01 0.02 0.02 0.02
massper time g/hour 0.25 0.08 0.40 0.19 0.19 0.16 0.22 0.31 0.25
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NOx total mass g 0.34 0.04 0.31 0.34 0.38 0.39 0.37 0.28 0.32
massper volume of wateremaining glliter 0.09 0.01 0.08 0.09 0.10 0.10 0.09 0.07 0.08
massper fuel mass (raw) g/kg 0.83 0.05 0.83 0.80 0.80 0.86 0.93 0.77 0.79
massper equivalent dry fueinass g/kg 0.84 0.06 0.81 0.85 0.86 0.83 0.95 0.77 0.76
massper fuel energy g/MJ 0.046 0.004 0.045 0.047 0.048 0.046 0.052 0.042 0.042
massper time g/hour 0.68 0.08 0.62 0.68 0.76 0.77 0.73 0.55 0.64

1Test 1 highpower coldstart test phase only

2Test 3 rejectediue to carbon balance out of limits
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Tablel6. Tests with griddle olw-moisture fuek emissions of OC (organic carbon) and EC (elemental carbon)in PM

Parameter | Units | Average| SD [ Test1] Test2| Test3 | Test4| Test5| Test6 | Test7 | Test8 | Test9

High-power old-start

OCtemperaturecorrected total mass mg 418 93 526 570 313 385 303 436 NA 414 397
massper effective volume of water boiled mg/liter 119 26 145 157 85 106 87 126 NA 130 115
massper fuel mass (raw) mg/kg 356 98 475 530 259 342 255 347 NA 332 311
massper equivalent dry fueinass mg/kg 452 115 587 654 335 445 330 460 NA 418 389
massper fuel energy mg/MJ 24.9 6.3 32.3 36.1 18.4 24.5 18.2 25.3 NA 23.0 21.4
massper useful enggy delivered (to water in pot)| mg/MJ 152 41 201 224 108 149 109 151 NA 146 132
massper time mg/hour 463 110 568 669 363 458 367 495 NA 398 382

ECtemperaturecorrected total mass mg 1364 158 1053 | 1324 | 1383 | 1321 | 1580 | 1480 NA 1304 | 1468
massper effective volume of water boiled mg/liter 389 51 291 364 374 363 453 428 NA 411 426
massper fuel mass (raw) mg/kg 1150 114 951 1231 | 1143 | 1174 | 1330 | 1176 NA 1046 | 1150
massper equivalent dry fueinass mg/kg 1467 164 1175 | 1519 | 1477 | 1527 1721 | 1560 NA 1315 | 1439
massper fuel energy mg/MJ 80.8 9.0 64.7 83.7 81.4 84.1 94.8 85.9 NA 72.4 79.3
massper useful energy delivered (to water in pof mg/MJ 492 49 402 520 A77 512 567 511 NA 459 488
massper time mg/hour 1515 244 | 1138 | 1554 | 1603 | 1573 | 1911 | 1678 NA 1254 | 1412

Highpower hotstart

OCtemperaturecorrected total mass mg 387 105 NA 577 377 494 335 402 304 360 249
massper effective volume of water boiled mg/liter 106 23 NA 137 98 136 95 119 88 106 71
massper fuel mass (raw) mg/kg 402 126 NA 646 409 533 325 372 329 336 266
massper equivalent dry fuetnass mg/kg 540 157 NA 807 575 732 437 525 455 432 359
massper fuel energy mg/MJ 29.8 8.6 NA 44.5 31.7 40.3 24.1 28.9 25.0 23.8 19.8
massper useful energy delivered (to water in pof mg/MJ 150 45 NA 235 146 203 123 138 123 134 101
massper time mg/hour 641 214 NA 1053 662 852 527 604 522 505 401

ECtemperaturecorrected total mass mg 1352 243 NA 1098 1654 1326 1597 1319 1370 1508 940
massper effective volume of water boiled mg/liter 377 75 NA 261 431 366 453 390 399 445 269
massper fuel mass (raw) mg/kg 1390 239 NA 1229 | 1793 | 1431 | 1548 | 1220 | 1486 | 1404 | 1008
massper equivalent dry fuetnass mg/kg 1880 359 NA 1537 2519 1965 | 2082 1721 2052 1806 1360
massper fuel energy mg/MJ 104 20 NA 85 139 108 115 95 113 100 75
massper useful energy delivered (to water in pof mg/MJ 522 85 NA 448 640 545 586 454 556 561 383
mass per time mg/hour 2209 410 NA 2005 | 2900 | 2288 | 2511 | 1980 | 2358 | 2112 | 1518

Lowpower (30minute simmer)

OCtotal mass mg 86.9 24.4 NA 124.1 NA 52.9 80.4 105.7 64.4 97.3 83.1
massper volume of wateremaining mg/liter 22.4 6.5 NA 32.0 NA 13.4 21.4 28.4 16.2 24.5 20.8
massper fuel mass (raw) mg/kg 214 70 NA 331 NA 124 170 235 164 271 205
massper equivalent dry fueinass mg/kg 215 66 NA 325 NA 132 183 228 168 271 199
massper fuel energy mg/MJ 11.8 3.6 NA 17.9 NA 7.3 10.1 12.6 9.2 14.9 11.0
massper time mg/hour 174 49 NA 248 NA 106 161 211 129 195 166

ECtotal mass mg 376 121 NA 231 NA 459 514 496 304 232 396
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massper volume of wateremaining mg/liter 97.1 33.1 NA 59.7 NA 1159 | 1371 | 133.2 | 76.6 58.3 98.9
massper fuel mass (raw) mg/kg 898 214 NA 616 NA 1077 1090 1102 775 645 978
massper equivalent dry fueiass mg/kg 911 233 NA 606 NA 1143 1169 1071 792 645 948
massper fuel energy mg/MJ 50.2 12.8 NA 33.4 NA 63.0 64.4 59.0 43.6 35.5 52.2
massper time mg/hour 752 242 NA 463 NA 917 1029 992 608 463 792

1 Rejected due to carbon balance out of limits
2Test 1 highpower coldstart test phase only

Tablel7. Tests with griddle olw-moisture fuek; PM.s mass fractions of organic carbon to total carbon (OC/TC)
and elemental carbon to total carbon (EC/TC)

HighPower ColdStart

HighPower HotStart

LowPower (Simmer)

Mass fraction of OC/TC

0.235

0.223

0.188

Mass fraction of EC/TC

0.765

0.777

0.812
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Tablel8. Tests with griddle olw-moisture fuek; emissions of BC (black carbon) measured with aethalometer

Parameter | Units | Average| SD [ Test1] Test2| Test3] Test4| Test5| Test6| Test7 | Test8 | Test9

High-power old-start

BCtemperature-corrected total mass mg 1279 87 1167 1325 1221 1151 1382 1344 n.al 1310 1331
massper effective volume of water boiled mg/liter 365 37 323 364 330 317 396 389 n.al 412 386
massper fuel mass (raw) mg/kg 1081 77 1054 1232 1010 1024 1163 1068 n.al 1050 1043
massper equivalent dry fueinass mg/kg 1376 93 1302 1521 1304 1331 1505 1417 n.al 1320 1304
massper fuel energy mg/MJ 75.8 5.1 71.7 83.8 71.9 73.3 82.9 78.0 n.al 72.7 71.9
massper useful energy elivered (to water in pot) | mg/MJ 462 32 446 521 421 446 496 464 n.al 461 443
massper time mg/hour 1417 154 1262 1556 1415 1372 1672 1524 n.al 1259 1280

Highpower hotstart

BCtemperature-corrected total mass mg 1269 138 n.a? 1224 1410 1262 1383 1290 1293 1328 964
massper effective volume of water boiled mg/liter 353 46 n.a? 291 368 348 393 381 376 392 276
massper fuel mass (raw) mg/kg 1308 151 n.a? 1371 | 1528 | 1362 | 1340 | 1193 | 1402 | 1237 | 1033
massper equivalent dnfuel mass mg/kg 1767 228 n.a? 1714 | 2147 | 1870 | 1802 | 1683 | 1936 | 1591 | 1395
massper fuel energy mg/MJ 97.4 126 | n.a? 945 | 118.3 | 103.0 | 99.3 92.7 106.7 | 87.7 76.8
massper useful energy delivered (to water in pof mg/MJ 491 50 n.a? 499 546 519 508 444 525 494 392
massper time mg/hour 2080 283 n.a? 2236 | 2472 | 2178 | 2174 | 1936 | 2224 | 1860 | 1556

Lowpower (30minute simmer)

BCtotal mass mg 372 108 n.a? 244 n.al 419 498 499 314 246 387
massper volume of wateremaining mg/liter 96.1 30.1 | n.a? 62.8 n.al 105.8 | 1328 | 1339 | 79.0 61.8 96.6
massper fuel mass (raw) mg/kg 891 181 n.a? 649 n.al 983 1056 | 1108 799 684 956
massper equivalent dry fueinass mg/kg 903 195 n.a? 638 n.al 1044 1133 1077 817 684 927
massper fuel energy mg/MJ 49.7 10.8 | n.a? 35.1 n.al 57.5 62.4 59.3 45.0 37.7 51.0
massper time mg/hour 745 216 n.a? 487 n.al 837 997 998 628 492 774

1Rejected due to carbon balance out of limits
2Test 1 highpower coldstart test phasenly

36




Table19. Comparison fresults with pot/griddle andow-/ high-moisture fuelg WBT, PMsand gaseous pollutargarameters

Parameter Units Highpower High-power Low-power
cold-start hot-start 30-minute simmer
Cookingvessel n.a. pot pot griddle pot pot griddle pot pot griddle
Fuel moisture (wet basis) % 7.7 16.7 7.8 7.6 16.7 8.0 7.9 18.0 8.2
Fuel consumed (raw) g 700 887 965 549 666 750 248 350 411
Equivalent dry fuel consumed g 554 649 758 417 477 557 270 306 407
Time to boil 5 liters of water, 25 to 100 min 40.45 50.31 44.31 25.46 24.81 28.36 n.al n.al n.al
Thermal efficiency % 24.0 20.5 16.4 29.6 24.1 19.8 n.al n.al n.al
Fuel lurning rate equivalent dry fuel basis g/min 13.9 13.0 17.1 16.5 19.2 19.6 9.0 10.2 13.6
Temperaturecorrected specific fuel consumption glliter 112 133 265 82.5 93.3 201 64.4 73.2 105
Temperaturecorrected specific energyse kJ/liter 2011 2428 4819 1473 1708 3653 1150 1341 1900
Fire power w 4149 3964 5186 4905 5875 5931 2680 3101 4102
Cooking power w 994 811 851 1444 1413 1174 n.al n.al n.al
Modified combustion efficiency % 97.9 97.1 98.0 98.0 98.0 97.9 95.1 95.9 97.0
PM, s temperaturecorrected total mass mg 1149 1328 2083 1302 927 1987 355 568 567
massper effective volume of water mg/liter 246 286 593 273 192 552 84.4 136 146
massper fuel mass (raw) mg/kg 1769 1589 1760 2543 1496 2048 1467 1615 1367
massper equivalent dry fueinass mg/kg 2238 2167 2241 3386 2075 2766 1327 1846 1382
massper fuel energy mg/MJ 125 118 123 190 113 152 74.7 101 76.1
massper useful energy delivered (to water in pof mg/MJ 519 578 753 637 470 768 n.al n.al n.al
massper time mg/hour 1885 1691 2309 3317 2403 3256 710 1132 1134
COtemperature-corrected total mass g 13.3 20 23 9.4 9.53 18.0 14.6 15.4 13.2
massper effective volume of water gl/liter 2.84 4.31 6.54 1.98 1.98 5.01 3.46 3.68 3.39
massper fuel mass (raw) g/kg 19.9 23.9 19.2 17.9 15.3 18.5 59.4 44.5 32.5
massper equivalent dry fueinass g/kg 25.2 32.6 24.4 23.6 21.2 24.9 54.1 49.7 32.7
massper fuel energy g/MJ 1.40 1.78 1.34 1.32 1.16 1.37 3.04 2.71 1.80
massper useful energy delivered (to water in pof  g/MJ 5.92 8.70 8.24 4.55 4.82 6.96 n.al n.al n.al
massper time g/hour 20.9 25.5 24.9 23.4 24.6 29.2 29.1 30.6 26.4
CQ temperature-corrected total mass g 942 1032 1749 703 734 1317 448 554 667
massper effective volume of water gl/liter 202 222 499 148 152 368 107 133 172
massper fuel mass (raw) g/kg 1423 1235 1476 1356 1172 1354 1812 1602 1626
massper equivalent dry fueinass g/kg 1799 1684 1878 1795 1633 1827 1655 1815 1644
massper fuel energy g/MJ 100 92 103 101 89 101 93 99 91
massper useful energy delivered (to water in pof  g/MJ 423 450 631 342 371 509 n.al n.al n.al
massper time g/hour 1494 1314 1929 1766 1887 2145 895 1104 1335
THC(as GHg) temperature-corrected total mass g 1.40 2.43 2.08 1.10 1.30 1.92 0.59 0.80 0.38
massper effective volume of water glliter 0.30 0.52 0.59 0.23 0.27 0.53 0.14 0.19 0.10
massper fuel mass (raw) g/kg 2.10 2.94 1.76 2.08 2.12 1.99 2.30 2.35 0.96
massper equivalent dry fuelnass a/kg 2.66 4.01 2.23 2.73 2.92 2.69 2.13 2.62 0.96
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massper fuel energy g/MJ 0.15 0.22 0.12 0.15 0.16 0.15 0.12 0.14 0.05
massper useful energy delivered (to water in pof g/MJ 0.63 1.07 0.75 0.53 0.66 0.75 n.al n.al n.al
massper time g/hour 2.22 3.14 2.30 2.76 3.42 3.15 1.17 1.60 0.77
CH, temperature-corrected total mass g 0.40 0.48 0.46 0.32 0.19 0.42 0.26 0.15 0.12
massper effective volume of water glliter 0.08 0.10 0.13 0.07 0.04 0.12 0.06 0.04 0.03
massper fuel mass (raw) g/kg 0.60 0.57 0.38 0.61 0.31 0.44 1.06 0.45 0.31
massper equivalent dry fueinass g/kg 0.76 0.77 0.49 0.80 0.43 0.59 0.97 0.49 0.31
massper fuel energy g/MJ 0.04 0.04 0.03 0.04 0.02 0.03 0.05 0.03 0.02
massper wseful energy delivered (to water in pot| g/MJ 0.18 0.21 0.16 0.16 0.10 0.17 n.al n.al n.al
massper time g/hour 0.63 0.60 0.50 0.81 0.50 0.70 0.53 0.30 0.25
NOx temperature-corrected total mass g 0.37 0.46 0.88 0.25 0.30 0.67 0.13 0.22 0.34
massper effective volume of water glliter 0.08 0.10 0.25 0.05 0.06 0.19 0.03 0.052 0.09
massper fuel mass (raw) a/kg 0.56 0.55 0.74 0.50 0.47 0.69 0.53 0.63 0.83
massper equivalent dry fueinass g/kg 0.71 0.75 0.94 0.66 0.66 0.93 0.48 0.71 0.84
massper fuel energy g/MJ 0.04 0.04 0.05 0.04 0.04 0.051 0.03 0.04 0.046
massper useful energy delivered (to water in pof  g/MJ 0.17 0.20 0.32 0.12 0.15 0.26 n.al n.al n.al
massper time g/hour 0.60 0.58 0.9% 0.66 0.76 1.09 0.26 0.43 0.68

1Not applicable to the lowpower 3@minute simmer phase
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